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INTRODUCTION 

TO THE SECOND EDITION. 



Ik order to render this edition more valnable to 
the hydranlic engineer it has been considerably ex- 
tended by the insertion of several new tables, formulse, 
experimental coefficients, examples, and general esti- 
mates of cost. It is hoped that the great extent and 
practical nature of the additions will render this 
work far more useful than the first in the ever 
varying requirements of the profession. The six 
pages on catchment basins, rain-fall, and water power 
in the first edition have been extended into three new 
sections of one hundred and ten pages, embodying 
the subjects of water supply, sewerage discharge, 
drainage, and the method of determining the useful 
effect of watw employed in turning the various kinds 
of water wheels. Considerable additions have also 
been made in Sections I, III, lY, YIII, and IX; 
the practical formula for gauging by weirs have been 
extended through twenty*one extra pages of new 
matter ; the portion treating of the conveying powers 
of pipes and rivers has been also extended by the 
insertion of new tables at pages 42, 162, 191, 220, 
and 262, and of several new formulae, amongst which 
we believe that at page 215 (119a), will be found, in 
practice, the simplest and most accurate yet dis- 
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VI INTRODUCTION TO THE SECOND EDITION. 

covered for ranges of velocity varying between one 
inch and twenty feet per second, and for all descrip- 
tions of channels, pipes, and rivers with which the 
engineer has to deal. 

We have noticed at page 95 the erroneous notation 
of Morin and other engineers in giving only two- 
thirds of the co-efficient of discharge for weirs. 
This notation assumes that the theoretical discharge 
from a notch 19 the same as if all the particles of 
water had the same velocity as those undermost, 
which, being too large by one-third, the experimental 
coefficient has to be reduced in the same proportion. 
Mr. Blackwell and Mr. Hughes, in this country, lend 
themselves to this nomenclature ; the latter gentle- 
man says, page 328 of his useful treatise on Water 
Works*, " Mr. Neville, in his tables of the discharge 
over weirs, termed the theoretical discharge 321A* 
instead of 481A» in cubic feet per minute." We 
were correct in doing so, for a weir one foot long j 
and those who adopt the latter formula are in error : 
this is a matter of demonstration, not of opinion. 
We can see no reason for sanctioning a different 
notation for notches, or orifices at the surface, and 
sunk orifices. The coefficients when in thin plates^ 
with large cisterns, have nearly the same general 
value, *615 to -628, and it tends to confusion to adopt 
in one place a coefficient for a correct formula, and 
in another a coefficient for an incorrect one ; although 
the final result by an equality of contrary errors 
may be the same in both. We may here observe^ 

* V^eale's Series. 
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INTRODUCTION TO THE SECOND EDITION. VU 

how very general the coefficient of two-thirds, and 
thereabouts, is for all orifices, notches, and also for 
the useful effect derived from the application of 
water power, aa well as the relation of the velocity 
due to the fall and the velocity of water wheels to 
give a maximum result. The modifications of coeffi- 
cients dependent on th^ positiou, thickness, form, 
and approaches of an orifice are seldom understood. 
ITie defects in the ordinary formula when the velo- 
city of approach has to be considered are pointed 
out at pages 100, 116, and 116, and it is tp be re- 
gretted that the authority of D'Aubuisson and others 
has misled many as to the correct form. Before the 
effective power of a water wheel, or water engine, 
can be determined we must Imow how to gauge the 
water supplied to it correctly. This can be done 
only by the application of formul© varied to suit the 
circumstances of the case under consideration. From 
causes, which it is not necessary to enter into here, 
this has seldom been done, and very little dependence 
can be placed on results obtained by the formula in 
common use when applied generally. It is pleasing 
to follow Francis and Thomson through the steps by 
which they get the effective power of their wheels, 
and we have accordingly made considerable use of 
their labors in Section XIV. 

We have modified some of the old partial equations 
for the velocity in pipes, beginning at (86), from the 

formt;={^+||i) — -gf, into vzzcx/Ts—:^; 

principally for the purpose of giving the numerical 
values of c in the form v^zc \/rs. Of course these 
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viii iNTEODQcrriON to the second edition. 

modifications are only applicable when the value of 

a 
2j is small compared with, that of the velocity. 

Some remarks will be found at page 224 respecting 
M, Darcy'fl new formula for the velocity of water in 
iron pipes, as given by Morin in his Hydratiliqus. 
We have, only since those remarks were written, seen 
the original M6moire, printed in Tome XV, Mimaires 
prSsentSs par dicers savants d TAcadSmie des Sciences 
de rinstitut ImpSrial de France^ Paris, 1868. This 
Memoire extends through 263 quarto pages, of which 
34 contain tables calculated from the formula. We 
have not had time to do more than glance through it, 
but the deduced formula appears to be entirely de- 
rived from the author's experiments. This we con- 
sider, to some extent, objectionable ; but, however 
this may be, there can be no doubt that the value of 
the coefficient c, in the formula v = c x/Vs, increases 
with the inclination, «, as well as with the diameter, 
4 r, of the pipe ; and as M. Darcy*8 formula makes 
the value of the multiplier, c, depend alone on the 
value of r, or 4 r, there appears an omission, in making 
the coefficient of friction entirely independent of the 
hydraulic inclination, and dependent only on the size 
of the channel. We shall give a few examples, taken 
at discretion, to show how limited this formula must 
be in its application. 

1. Couplet's experiment, No. 43, p. 103, reduced 
to feet, gives r = -3997 feet, s = -0035, rsrz -001339, 
and the observed velocity v = 3-478 feet r= 96 \/rs 
nearly. Darcy's formula would give v — llO'S 
\/Sr7, our formula 106 \/f7 nearly, and Weisbach's 
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105 v/ri yearly. The pipe was probably an old 
one, and a deduction of about 10 per cent, might be 
made for the state of the bore. We have here^ how- 
eTor, no means of judging the effect of a change of 
inclination on the multiplier, c. 

3. From Bu Bu&t's expmments with an inch 
pipe, nearly, Nos. 60 and 51, p, 103, we get> after 
reducing them to feet, in experiment 50, r = '0222, 
s = '228 and t; = 6-33 feet = 89-2 \/Vs; or, after 
making the necessary deductions in the head for the 
ydodty and the orifice of entry with the coefficient 
'815, s = -147 and t; = 6-33 feet = 1114 %/7i. In 
esqperiment 51, we also get in feet r z= 0222, s = 
•3074, and v = 7*54 = 92 \/rl ; or, by making 
allowance for the head due to the velocity and the 
orifice of entry, as before, « = -179, and v zz 7*54 
feet = 119-7 v/r*. Here we see how the velocity 
or value of the inclinatioii, s, affects the value of 
tlfee multiplier, the diameter remaining constant. 
M. Darcy's foa'mula, in each case, would only make 
V = 80-8 \/fi. 

3. In the excerpt proceedings of the Institution 
«f Civil Engineers, p. 4, 6th February, 1855, James 
Smpson, president, in the chair, there is given for 
the ^^Colinton pipe^' 16 inches diameter, eight or 
mne years in use, three observations. First, 29,580 
feet long, a head of 420 feet and a discharge of 571 
cubic feet per minute : these give v = 6-816 feet = 
99-2 \/7s nearly. Secondly, a length of 25,765 feet 
a head of 184 feet, and a discharge of 440 cubic feet 
per minute : these give v = 5-252 feet = 96-3 \/r7. 
And thirdly, a length of 3,815 feet a head of 184 
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X INTRODUCTION TO THE SECOND EDITION. 

feet^ and a discharge of 1^215 cubic feet per minute i 
these give v = 14-5 feet = 115 \/rs nearly. In these 
three examples, the diameter, castings, and age of 
the pipes are the same. Yet we see, clearly, that the 
inclination aflfects the multiplier of \/r7, which in*- 
creases with the inclination, 5, although M. Darcy*s 
formula would make the multiplier the same in each 
case, and for all inclinations, viz* t; = 110 x/rs^ 
Making those allowances inseparable from the state 
of the pipe, and all experimental observations, these 
results, as well as those from Du Buat's experiments, 
confirm the accuracy of our general formula (119a) 
page 216* and those others we have given following 
it, as well also as that of Weisbach. 

Dr. Young's formula, page 207, bears a resem- 
blance to that of M. Darcy, in making the multi-* 
plier of \/r7 depend only on the diameter ; but it 
works in a contrary manner : for the high velocities 
being derived from pipes, with small diameters in the 
experiments at his command, the value of c in v = 
c \/r Sj reduced from his formula, becomes larger in 
general for small than for larger diameters. No 
doubt an allowance should be made in small pipes 
for a thin film of water adjoining the pipe with little 
or no velocity ; but within the limits which the en^ 
gineer has to deal this may be neglected. Its effect, 



* The form in which we first discovered this formula was 

V as 1 140 — J — vi [ X >/"«. For measures in metres it becomes 

V = 77-3 (r «)* — 4*9 (r «)* ; in which r is half the radius of a cy- 
lindiical pipe, or the hydraulic mean depth of any channel. 
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as well as that of all the other resistances^ janctions, 
contractions^ deposits, &c., is greater in small than 
in large pipes. We must refer to the body of the 
work for further remarks on this subject, but from 
lately appearing at such length in the M6moires of 
the Imperial Academy of Sciences, M. Darcy's for- 
mula called for especial notice here^ 

The Statistics of rain-fall and catchment-basins 
have not yet received the attention which the subject 
deserves. The distribution of rain gauges with re- 
ference to elevation, contour, temperature, and iso- 
thermal lines has not been sufficiently attended to. 
The connexion of the rain-fall with the discharge 
generally, for the whole catchment, for the tributary 
catchments, and their sub-catchments, at the sea in 
the middle districts and at the sources, noting the 
geology, must be' observed for several years before 
the questions of supply, discharge, absorption, and 
evaporation in any climate can be answered. The 
maximum and minimum discharges in each year and 
series of years must be observed, as well as the 
average mean discharges, and the maximums and 
minimums of these also, before the physical con- 
nexion of climate and catchment can be correctly 
ascertained, and the engineer furnished with reliable 
data. Heretofore observations, even when best, have 
been partial or limited, and a wide field is here yet 
open to con^>etent physicists in connexion with our 
drainage wor^^. 

The general items of cost given in Section XIII. 
will be found of use ; they are intended, how- 
ever, more as guides than as standards for other 
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works, the oost of which muiit depend on their own 
oircumstanceB. Thoee who hftve practical ^q)erieii06 
of the differences between estimates, cost, and yalne, 
and how they are affected by time, locality, quality, 
and quantity, will estimate for each case iji detail ; 
but the discrepancies between estimates an<| cost, 
even under the same circumstances, are too well 
known to call for any remark here. 

A few words about our publisher. Mr. Weale 
haying purchased our interest in this edition, at once 
decided on adopting larger type and better papw, 
at a heavy extra outlay to himself. We had reason 
to be satisfied with the manner in which the first 
edition was brought out, in this, however, he has 
excelled, and we hope his enterprise will receive a fair 
return. 



Jocelyn Street^ JDundalkf 
October, I860, 
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INTRODUCTION 

TO THE FIEST EDITION. 



In preparing the following work, we had three ob- 
jects in view : first, a collection of useful hydraulic 
formul© ; secondly, a collection of experimental re- 
sults, and coefficients ; and, thirdly, a collection of 
useful practical tables, some calculated entirely from 
the formute and experiments, and others for the 
purpose of rendering the calculations more easy. 

The Tables at the end of the volume are all 
original, with the exception of Table I., which con- 
tains the well-known coefficients of Poncelet and 
Lesbbos ; but those are newly arranged, the heads 
reduced to English inches, and the coefficients for 
heads measured over and back from the orifice, 
placed side by side, for more ready comparison. 
The coefficients in the small Tables throughout the 
work have been all calculated by us from the original 
experiments; the formulae have been carefully ex- 
amined, and the continental ones reduced to English 
measures — some of them, as will be seen, for the 
first time. No labour has been spared in preparing 
the Tables, and they are all purely hydraulic, though 
some of them are capable of being otherwise applied. 
We have filled no gap by the introduction of Tables 
applicable to other subjects, and in every-day use. 

b 
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2 INTRODUCTION TO THE FIRST EDITION. 

The correction of some of the experimental for- 
mvledf particularly the continental ones, as printed 
in some English books, cost us some labour. Even 
Du Buat's well-known formula is frequently mis- 
printed; and in a late hydraulic work, \/d^% one 
of the factors, is printed \/d^'l in every page where 
it is quoted. It is not always that such mistakes 
can be avoided, but experimental formulae are so 
often copied from one work into another without 
sufficient examination, that an error of this kind 
frequently becomes fixed ; and when applied to prac- 
tical purposes erroneous formulae get the correct ones 
into disrepute. See note to formula (91). 

The Tables of velocities and discharges over weirs 
and notches have been calculated for a great number 
of coefficients to meet diflFerent circumstances of ap- 
proach and overfall, and for various heads from ^th 
of an inch up to 6 feet. Table II, embodies the 
velocities acquired by falling bodies under the head 
of " theoretical velocity," and the velocities, suited 
to various coefficients, for heads up to 40 feet. 

The formulae for calculating the effects of the ve- 
locity of approach to orifices and weirs, and the 
necessary corrections for the ratio of the channel to 
the orifice, as well as Table V., we believe to be 
original. They will be found of much value in de- 
termining the proper coefficients suited to various 
ratios. The remarks throughout Section IV. are par- 
ticularly applicable to the proper use of this Table. 

Table VII. of surface and mean velocities will be 
found to vary from those generally in use, and to be 
much more correct, and better suited for practical 
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purposes, particularly as applied to finding the mean 
velocities in rivers. 

We have extended Table VIII. so as to make it 
directly available for hydraulic mean depths, from 
Ath of an inch to 12 feet, and for various hydraulic 
inclinations, even up to vertical, for pipes. The fall 
in rivers seldom exceeds 2 or 3 feet per mile, or the 
velocity 5 or 6 feet per second. The extension of the 
Table for great inclinations, and consequently great 
velocities, was made for purposes of calculation, and 
to include pipes. It must be understood through- 
out this Table that the velocities are those which 
continue unchanged for any length of channel, viz., 
when the resistance of friction is equal to the accele- 
ration of gravity, the moving water and channel 
being then in train. Several of Du Buat's experi- 
ments were made with small vertical pipes. This 
Table is equally applicable to pipes and rivers, and 
gives directly either the hydraulic inclination, the 
hydraulic mean depth, or the velocity when any two 
of them are known. 

Hydraulic formulae have been frequently rendered 
unnecessarily complex, and unsuited for practical 
application, by combining them with those of mere 
mensuration in order to find the discharge. We have 
therefore given formulae for finding the mean velocity 
principally, — unless in a few instances, as in orifices 
near the surface, where the discharge itself is first 
necessary to find the mean velocity ; this once deter- 
mined, the calculation of the discharge becomes one 
of simple mensuration. 

We have preferred giving the mean velocity to the 

b3 
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4 INTRODUCTION TO THE FIRST EDITION. 

discharge itself in Table VIII., because, while an 
infinite number of channels having the same hydraulic 
inclination {s) and the same hydraulic mean depth (r) 
must have the same velocity (v), yet the sectional 
areas, and consequently the discharges, may vary 
upwards from 6-2832r*, the area of a semicircular 
channel, to any extent ; and the operation of multi- 
plying the area by the mean velocity, to find the 
discharge, is so very simple that any tabulation for 
that purpose is unnecessary. Besides this, the banks 
of rivers, unless artificially protected, remain very 
seldom at a constant slope, and therefore any Tables 
of discharge for particular side slopes are only of use 
so far as they apply to hypothetical cases. Indeed 
we have seen, in new river cuts, the banks, cut first 
to a given slope, alter very considerably in a few 
months ; while the necessary regimen between the 
velocity of the water and the channel was in the 
course of being established. The velocity suited to 
the permanency of any proposed river channel, 
though too often entirely neglected, is the very first 
element to be considered. 

For circular pipes, however. Table IX. gives the 
discharge in cubic feet per minute when the velocity 
in inches per second is known, or found from Table 
VIII., and is calculated for pipes from ^th of an inch 
up to 12 inches in diameter. Table XII. gives also 
the discharges in cubic feet per minute from the 
different equivalent river channels in Table XL 

Table X., for finding the heads on weirs of different 
lengths, Table XI., of equally discharging river 
channels, and Table XII., of the actual discharges 
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from the equivalents in Table XI., will be found of 
great practical value when new weirs and water-cuts 
have to be made. Tables XL and XII. are equally 
applicable to channels having side slopes, the widths 
being then the mean or central widths. 

When the discharge and fall are known, and the 
hydraulic mean depth and the dimensions of any 
channel have to be determined. Problem III., section 
8, as illustrated in Example 17, section 1, gives a 
new and perhaps the most practically useful solution 
yet published. Tables XI., XII., and XIII. are par- 
ticularly applicable to this problem. 

A uniform notation is preserved throughout the 
work, so that the different experimental formulae can 
be compared without any further reduction. The 
letter h is used in every instance for the head, c for 
the coeflBcient, r for the mean radius or hydraulic 
mean depth, and s for the sine of the hydraulic 
inclination, unless it be otherwise stated. In order 
to designate particular values, the primary letters 
have deponent or initial letters below to explain them. 
Thus 7*4 is the head to the top of an orifice, A^ the 
head at the ^ttom, h^ the head on a u^eir, A, the head 
due to fiction, c^ the coefficient of discharge, c^ the 
coeflBcient of velocity, c^ the coeflBcient of contraction, 
&c. When the whole head is made up of different 
elements, such as the portions due to friction, velocity, 
contractions, bends, &c., it is expressed by the capital 
letter h. 

Some writers and engineers appear to confound 
the inclination of a pipe, simply so called, or the head 
divided by the length, with the hydraulic inclination ; 
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and consequently have fallen into error in applying 
such of the known formulae as take into consideration 
only the head due to the resistance of friction. When 
pipes are of considerable length, and the water is 
supplied from a reservoir at one end, the inclination, 
found as above, and the hydraulic inclination, may be 
taken equal to each other without sensible error ; but 
for shorter pipes, of say up to 100 feet long, or even 
longer, the greater number of formulae, as Du Buat's 
and others, do not directly apply ; and it is necessary 
to take into consideration the head due to the orifice 
of entry, the velocity in the tube, and also to the 
impulse of supply when there are junctions. These 
separate elements, and their eflfects, will be considered 
in the following pages; but it will be of use to refer 
here to some late experiments, and the imperfect 
application of formulae to them, first premising that 
2^ pipe may be horizontal^ or even turn upwards ^ and 
yet have a considerable hydraulic inclination. 

Mr. Provisos valuable experiments* with li-inch 
pipes, from 20 to 100 feet long, have been used in a 
recent work for the purpose of testing the accuracy 
of Du Buat's and some other formulae ; but the head 
divided by the length is assumed to be the hydraulic 
inclination throughout, and no allowance is made for 
the head due to the orifice of entry and velocity in 
the pipe. Of course the writer's conclusions are 
erroneous. We have shown. Section I., page 30, 
how very nearly the formulae and experiments agree. 

The formulae appear to have been also misunder- 

* Transactions of the Institution of Civil Engineers, Vol. II., 
pp. 301—210. 

Digitized by VjOOQ iC 



INTBODUCTION TO THE FIRST EDITION. I 

stood by the surveyor who experimented for the 
General Board of Health ; for the inclination of the 
pipe in itself is assumed to be the hydraulic inclina- 
tion, and no allowance is made for the head due to 
the impulse of supply. We quote from the Civil 
Engineer and Architect's Journal, Vol. XV., 
page 366, in which it is stated that ^^the chief results 
as respect the house drains are thus described in the 
examination of the surveyor appointed to make the 
trials."* 

" What quantity of water would be discharged through a 3-inch 
pipe on an inclination of 1 in 120 ? — FuU at the head, it would 
discharge 100 gallons in three minutes, the pipe being 50 feet in 
length. This is with stone-ware pipe manufactured at Lambeth. 
This applies to a pipe receiving water only at the inlet, the water 
not being higher than the head of the pipe. 

" What water was this? — Sewage-water of the fall consistency, 
and it was discharged so completely that the pipe was perfectly 
clean. 

"At the same inclination what would a 4-inch pipe discharge 
with the same distances ? — Twice the amount (that I found from 
experiment) ; or, in other words, 100 gallons would be discharged 
in half the time- This likewise applies to a pipe receiving water 
only at the inlet, and of not greater height than the head. In 
these cases the section of the stream is diminished at the outlet 
to about half the area of the pipe. 

"Before these experiments were made, were there not various 
hypothetical formulae f proposed for general use? — ^Yes. 

* Minutes of Information with reference to Works for the 
removal of Soil, Water, or Drainage, &c., &c. Presented to both 
Houses of Parliament, 1852. 

t It is a mistake to call those formulae hypothetical, unless so 
far as the hypothesis is founded on facts. Every formula with 
which we are acquainted is founded on experiments, and has 
been deducecl from them, but those formulae are too often hypo- 
theticaUy applied to short tubes without the necessary corrections. 
It wiU be seen from Section VIII. that the experiments from 
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" What wonld these fonxmlsB have giyen with a d-inch pipe, and 
at an inclination of 1 in 100 ? and what was the result of your 
experiments with the 3-inch pipe ? — The formulsB would give 7 
cubic feet, the actual experiment gave 11^ cubic feet ; converting 
it into time, the discharge, according to the formula, compared 
with the discharge found by actual practice, would be as d to 8. 

" How would it be with a 4-inch pipe ? — The formulas would 
give about 14-7 cubic feet per minute, whereas practice gave 23 
cubic feet per minute. 

" Take the case of a 6-inch pipe of the same inclination? — The 
results, according to Mr. Hawkesley's formula, would be 40^ cubic 
feet per minute ; from experiment it was found to be 63^ cubic 
feet per minute. 

" Then with respect to mains and drainage over a flat surface, 
the result of course becomes of much more value, as the difference 
proved by actual practice increases with the diminution of the 
inclination ? — Certainly, to a very great extent For example, the 
tables give only 14*S cubic feet per minute as the discharge from 
a pipe 6 inches diameter, with a fall of 1 in 800 ; practice shows 
that, under the same conditions, 47*2 cubic feet will be discharged. 

" Will you give an example of the practical value of this when it 
is required to carry out drainage works over a very flat surface ? — 
An inclination of 1 in 800 gives only 14 cubic feet per minute, 
according to theory, while, according to actual experiment, and 
with the same inclination, 47 cubic feet are given. 

*' Then this difference may be converted either into a saving of 
water to effect the same object, or into power of water to remove 
feculent matter from beneath the site of any houses or town? 
— It may be so. 

" And also the power of small inclinations properly managed? 
— Yes ; for example, if it was required to construct a water course 
that should discharge, say 200 feet per minute, the formula would 
require an inclination of 1 in 60=2 inches in 10 feet ; whereas, 
experiment has shown that the same would be discharged at an 
inclination of 1 in 200=| inch in 10 feet, thus effecting a con- 
siderable saving in excavation, or a smaller drain would suffice at 
the greater inclination." 

which the formulas there given were derived, were in every way 
greatly more extensive than those made by the directions of 
the Board of Health. The formula named is, substantially, 
Eytelwein's algebraically transformed. 
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We have extracted and tabulated the results given 
above, in the following Table, and also eight of the 
experiments made for the Metropolitan Commissioners 
of Sewers* ; and assuming for the present, with the 
surveyor, examined by the Commissioners, that the 
inclinations of the pipes and hydraulic inclinations of 
the formulae are the same, which is incorrect^ we give 
the calculated discharges, found by ipeans of Tables 
VIII. and IX., in the last column of the Table, 



Dimeter of 


InoUiuitioii of 
pipe. 


IMBohngefai 

ooMofeet 

per minute 

bj experiment. 


formnla. 


8 


1 in 130 


5-8 


6-6 


4 


1 in 120 


10-7 


14 


8 


1 in 100 


11-2 


7-6 


4 


1 in 100 


23 


16-6 


6 


1 in 100 


63-5 


48*8 


6 


linSOO 


47-2 


18-3 


6 


lin60 


76 


69-8 


6 


1 in 100 


68 


48:8 


6 


1 in 160 


64 


83-4 


6 


1 in 200 


62 


29*2 


6 


1 in 820 


49 


21-8 


6 


liQ400 


48-6 


19-6 


6 


1 in 800 


47-2 


18-8 


6 


Level 


46 


00 



Du Buat's formula, therefore, gives larger results 
than the experiments in the two first cases, because 
the water received at one end only barely filled it, 
and the pipe was not full at the lower end ; but less 
in the others. If in these the head due to the im- 

* Adcock's Engineer's Pocket Book, 1853, pp. 361 and 26d. 
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pulse of entry, at the upper end, and at the side 
junctions, were known, and the proper hydraulic 
inclination determined by the experiments, the for- 
mulae would be found to give larger approximate 
results in every case, as might have been expected 
from the sewage-water used. In the last eight ex- 
periments it is stated*, that " the water was admitted 
at the head of the pipe, and at Jive jwiciions or tri- 
butary pipes on each side, so regulated as to keep the 
main pipe full," and that " without the addition of 
junctions the transverse sectional area of the stream 
of water near the discharging end was reduced to 
one-fifth of the corresponding area of the pipe, and 
thai it required a simple head of water of about 22 
inches to give the same result as that accruing under 
the circumstances of the junctions.^' It is also stated, 
that " in the case of the 6-inch pipe, which discharged 
75 cubic feet per minute, the lateral streams had a 
velocity of a few feet per minute." 

Now, the head of *^ about 22 inches" is wholly 
neglected in the foregoing calculations, though in a 
pipe 100 feet long it would be equal to an inclination 
of 1 in 55 ! It however includes three elements at 
least, viz. the portion due to the orifice of entry, 
the portion due to the velocity in the pipe, and 
the portion due to friction. Let us assume the 
case of the horizontal pipey which discharged 4:% cubic 
feet per minutef. This is equal to a mean velocity of 



* Adcock's Engineer's Pocket Book, 1852, pp. 261 and 262. 
t The horizontal pipe would discharge equally at both ends, 
unless there was a head of water at either, or an equivalent in 
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46-9 inches per second ; with this velocity, we find 
from Table VIII. the hydraulic inclination of a 6-inch 
pipe to be 1 in 94, and, therefore, the head due to 
friction in a pipe 100 feet long is 127 inches. As- 
suming the coefl&cient for the orifice of entry and 
velocity to be -816, we also find from Table II. a 
head of 4| inches due to these. We then have, 

Head due to the velocity and orifice of 

entry 4-25 inches 

Head due to the resistance of friction 12-70 

Radius of pipe 3 00 



}9 



Total • . 19-95 

which is about 2 inches less than the observed head : 
this, however, is not stated definitely. It is therefore 
evident^ that the formula gives, if anything, larger 
results than these experiments*, as might have been 
etpected, instead of less in the ratio of 2 to Z^ as is 
stated in the Report. 

Wherever junctions are applied, as in the examples 
above referred to, the formulae in general use require 
correction; for the quantity of water then flowing 
below each junction is increased. A certain amount 
of error is, perhaps, inseparable from every calcula- 
tion of this kind ; but before we condemn formute 
deduced from experiment by men every way quali- 

the velocity of approach. Of course, a smaUer pipe with a fiEdl, 
must be better than the larger one with none at all, in preventing 
deposits. 

* This is also true of the other formulsB, for finding the dis- 
charge from pipes, given in this work. 
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fied for the task, it would be well that we should 
learn to understand and properly apply them. 

The diameter of a short pipe gives in itself the 
means of increasing very considerably the surface 
inclination of the fluid stream, by reducing the sec- 
tion at the lower end. If we assume a horizontal 
pipe 60 feet long and 6 inches in diameter, we per- 
ceive, that if the receiving end be full, and the 
discharging end one-third full, this inclination 

fi — 2 1 
^^ ^^ 50 X 12 '^i50' ^^^ ^^^^ ^^^ discharging end 

cannot be kept full unless a head of several inches 
be maintained at the receiving end, or an equivalent 
from a lateral supply. When the pipe is about two 
diameters long it becomes a short tube ; and when 
the length vanishes, the transverse section becomes, • 
simply, a discharging orifice. 

We have been led into the foregoing remarks, not 
from any desire to find fault with a Report contain- 
ing so much valuable information as the one referred 
to, but for the purpose of defending from unmerited 
reproach, in a Blue Book, the researches in this de- 
partment, of 

" Those dead but sceptred sovereigns who stUl rule 
Our science from their urns — " 

Du Buat, Young, Eytelwein, Prony, and others. 

We do not pretend to any particular accuracy in 
the sketches scattered throughout the work ; they are 
only intended to illustrate the text, and were sketched 
while writing it, without further aim ; neither do we 
pretend to have entered fully into the principles or 
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practice of hydraulics, our object being to select, 
construct, and arrange useful hydraulic formulae, ex- 
periments, and Tables for the use of all classes of 
engineers. We make, however, no apology for pre- 
ferring formulae, in their simplicity, to any written 
rules which may be deduced from them, as being 
in every way more general, concise, and elegant. 
In conclusion, it is hoped that any errors of con- 
sequence in the work, will be found corrected in the 
errata. 

Boden Place, DunddUc, 
January, 1853. 
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ORIFICES, WEIRS, PIPES, AND RIVERS. 



SECTION I. 

APPLICATION AND USB OF THE TABLES, FOBMUUB, ko. 

To find the velocity of a falling body from the height 
fallen y or the height fallen from the velocity. 

Rule. — Multiply the square root of the 
height in inches by 27*8, and the product will 
be the velocity in inches.* to find the height 
from the velocity, square the velocity ^in inches 
and divide the square by 772*84, the quotient 
WILL BE THE HEIGHT IN INCHES. See equation (1). 
Table IL, column 1, will give the velocity from the 
height, found in the column of *' altitudes," or the 
height from the velocity, directly. 

Example 1. — What is the velocity acquired by a 
heavy body falling \th of an inch ? In the Table 
opposite to Jth of an inch, found in the column 
headed " altitudes A," we find 9829 in column 1, for 
the required velocity, in inches per second. 

Example 2. — What is the velocity acquired by a 

* The square root of the height in feet multiplied by 8026 
g^ves the velocity per second in feet; and the square of the 
velocity in feet divided by 64*4 will give the height in feet. 
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faU of 11 feet 3 inches? Opposite to 11 feet 3 
inches, as before, we find 323-007 inches, for the 
velocity required. 

Example 3. — What height must a heavy hody faU 
through to acquire a velocity of 40i feet per second? 
Here 40i feet is equal 486 inches, opposite to the 
nearest number to which, found in column 1, we find 
25 feet 6 inches for the required fall. In this ex- 
ample, the nearest number to 486 found in the Table 
is 486-301. The diflference -301 corresponds, very 
nearly, to fths of an inch in altitude, and, therefore, 
the true head according to the rule would be 25' 6|"; 
but for all practical purposes the diflference is im- 
material. 

By means of Table II. we can find, directly, or 
by simple interpolation, the velocity due to all 
heights from t^v part of an inch up to 40 feet, and 
the heights from the velocities. For a greater height 
than 40 feet it may be divided by 4, 9, or some 
square number *% and the velocity found for the 
quotient, from the Table, multiplied by 2, 3, or Sy 
the square root of the divisor, will give the velocity 
required. 

Example 4. — What is the velocity acquired by a 

45 
faU of 45 feet ? ^^ = H' 3', the velocity corre- 
sponding to which, found from the Table, is 323-007. 
Hence, 323-007 x^/4' = 323007 ♦< 2 = 646"014 = 
53' 10"-014 is the velocity per second required. The 
reverse of this example is equally simple. 

Columns 3, 4, 6, 6, 7, 8, 9, 10, 11, and 12 in the 
Table, give the values of \/2gh multiplied by the 
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coeflBcients therein stated. These columns will be 

found of great practical use in finding the mean 

velocities in the vena-^orUracta^ in the orifice, and in 

short tubes; and consequently also in finding the 

mechanical force, as well as the discharge. An 

examination of the coefficients in the small Tables 

in Section III., and also of those in Tables I. and 

v., at the end of the work, will show how much they 

vary; but those most generally useful, and their 

products by the theoretical velocity due to diflferent 

heads, up to 40 feet, are given in the columns 

referred to. ^ 

Example 5. — What is the discharge from an 

orifice 4 inches by 8 inches^ the centre sunk 20 feet 

below the surface of a reservoir ? From Table II., 

we find 430-676 inches equal 35 89 feet for the 

8x4 
theoretical velocity of discharge : hence, -yTj- x 

2 
35-89 = g X 35-89 = 7-976 cubic feet per second is 

the theoretical discharge. If the discharge takes 
place through a thin plate, or if the inner arrises 
next the water in the reservoir be perfectly square^ 
and the water in flowing out does not fill the passage 
so as to convert the orifice into a short tube, the 
coefficient will be found from Table I. to be -603. 
The true discharge then is 7-976 x -603 = 4-809 
cubic feet per second. 

Fotthe determination of the coefficient suited to 
any particular orifice, and the circumstances of its 
position, we must refer generally to the following 
pages. If in the example just given, the arrises 
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next the reservoir were rounded into the form of the 
contracted vein, see Fig. 4, the coeflBlcient would 
increase from -603 to -974 or -966, for a passage not 
exceeding a couple of feet in length. With the 
former the discharge would be 7976 x -974 = 7-769 
cubic feet, and with the latter 7976 x -956 = 7-625 
cubic feet. We may find from Table 11. the latter 
results otherwise. With a head of 20 feet and the 

coefficient -974, the velocity is 419-48 inches = 34-957 

'2 

feet ; hence, the discharge is g x 34-957 = 7-768 

cubic feet. With a coefficient of -956, the velocity 

is 411-73 inches = 34-31 feet, and | x 34-31 = 7-624 

cubic feet. These results are the same, practically, 

as those previously found. 

If the inner arrises be square, and the passage out 

be from 18 inches to 2 feet long, the orifice will be 

converted into a short tube, the coefficient for which 

is -816. With this coefficient, and a head of 20 feet, 

we find as before, from Table II., the mean velocity 

of discharge equals 351 inches = 29-25 feet ; hence, 

2 
the discharge now is q x 29-25 = 6-5 cubic feet per 

second. 

• The velocities in inches per second^ given in Tables 
II. andYYU.y or elsewhere in the foUounng pages , may 
be converted into velocities in feet per minute j hy mtU- 

tipiying by 6, equal jg • 

Example 6. — The discharge from a smaU orifice 
having its centre placed Id feet below the surface of a 
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reservoir is 18 feet per minute^ what will be the dis- 
charge from the same orifice at a depth of 17 feet? 
The discharges will be to each other as \7l0": \/l7, 
or as 1 : vT7; or, from Table III., as 1 : 1-3038, 
whence we get the discharge sought equal 1-3038 x 
18 = 23-4684 cubic feet. 

Example 7. — What is the value of the expression 

^d{ ^ ■*"~T~r[ *^ equation (45), when c^ = -6 17, and 

m = 2 ? Here we have — 

<^d _ '617^ _ '3807 _ 
m^-c\ "■ 4 - •617« "" 3-6193 "" ^"^ ' 
whence the first expression becomes equal to -617 
(1-1052)* equal, from Table III, -617 x 1-0513 = 
-649, the value sought. Table Y. contains the values 
of this expression for various values of c^ and w, 
which latter, m, stands for the ratio of . the channel 
to an orifice ; and we can immediately find from it, 
opposite 2 in the first column, and under the coeffi- 
cient -617 in the sixth column, -649 the value sought. 
When the head due to the pressure, and to the velocity 
of approach, are both known, we can determine the 
new coefficient of discharge by the above expression, 
and thence the discharge itself. The coefficient suited 
to the velocity of approach may however be found 
directly in Table V. The usual methods for finding 
the effects of the velocity of approach, given by 
d'Aubuisson and others, are incorrect in principle, 
see Section IV. 

Example 8. — What is the discharge from an 
ar^ice 17 inches long and 9 incites deep, having the 
upper edge placed 4 inches below the surface, and the 

o3 
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lower edge 13 inches? The expression for the dis- 
charge iSg X A\/2^ X cMl +^) "■(-^) [equa- 
tion (43), in which we must take rf = 9 inches; *» = 9 
inches ; a = 17 x 9 = 163 square inches ; and\/2^rf, 
found from Table II. = 83-4 inches. We have, also, 

At 4 
-^ = g = -444, and hence the value of 

(1-444)4 - (-444)* = (from Table IV.) 1-44. 
ABSuming the coefficient of discharge to be -617, we 
then have the discharge in cubic inches per second 
equal to 

I X 153 X 83-4 X -617 x 1-44 = 
I X 12760-2 X -88848 = 7558. 

Consequently, ^708 "^ ^'374 is the discharge in cubic 

feet per second. From equation (6), we get the dis- 
charge equal to 

I X -617 X 27-8 x 17 x {13* - 4*}. 

But 13* - 4* = 46-872 ~ 8, from Table IV., equal 
to 38-872, whence the discharge is 

I X -617 X 27-8 X 17 X 38872 = 11-4351 x 17 x 

38-872 = 194-3967 x 38-872 = 7557 cubic inches 
= 4-374 cubic feet, the same as before. 

It is shown in equation (31), that by using the 
mean depth for orifices near the surface, the discharge 
will approximate very closely to the true discharge, 
and that even for weirs the error will not exceed 
6 per cent. The discharge is then expressed by 
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'en\/2ff X 8i X 9 X 17 = (from Table XL) 5001 x 
153 = 7651-53 cubic inches = 4*427 cubic feet per 
second. The head to the centre of the orifice is 
here 8i inches, and the depth of the orifice 9 inches, 
therefore, in equation (31), h = d very nearly ; and, 
therefore, this result must be multiplied by -989, as 
shown in that equation ; then -989 x 4-427 = 4-378 
cubic feet, which gives a result differing from those 
otherwise found, by a very small quantity, which, 
practically, is of no value. By means of Table VI. 
the discharge from rectangular orifices near the sur- 
face can be found with very great facility. 

We may always find the discharge from an orifice 
near the surface with sufficient accuracy y for practical 
purposes^ by taking the head to the centre^ in the same 
manner as if the ori/ice were sunk to a considerable 
depth; then by applying the corrections given in equa- 
tion (31) \ or if the orifice be circular^ those given in 
equation (28) ; extreme ajccuracjfy according to the cor- 
rect formula^ is obtainable. 

Example 9. — What is the discharge from a circular 
ori^ce 4 inches in diameter , having its centre placed 4 
inches below the surface^ when the coefficient of dis- 
charge w '617 ? The area of the orifice is 4 x 4 x 
•7854 = 12-566 square inches. The velocity in the 
orifice at the mean depth of 4 inches, with a co- 
eflScient of -617, is 34-31 inches, whence the discharge 
is 12-566 X 34-31 =* 431-139 cubic inches = -2496 
cubic feet per second, or 14-97 cubic feet per minute. 
By means of Table IX. the discharge in cubic feet 
per minute can be found very readily when the velo- 
city, 34-31 inches per second, is known. Thus, 
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Inches. Cubic feet 

For a velocity of 30-00 the discharge is 13-089 

4-00 „ „ 1-745 

•80 „ „ 0-131 

•01 „ „ 0-004 



„ 34-81 „ „ 14-969 

By applying the coeflScient found from equation 
(28), which is -992, when the depth at the centre is 
twice the radius, as it is in this example, we get 
•992 X 14-97 = 14-86 for the correct discharge in 
cubic feet per minute. Here the diflference in the 
results is only 1 in 126. 

The application of Table VI. will enable us to 
find the discharge from rectangular orifices near the 
surface very quickly. Resuming ^^ Example 8," the 
discharge may be found from this Table for each foot 
in length of the orifice, as follows. The discharge in 
cubic feet per minute, when the coefl&cient is -617 for 
a notch 1 foot long and 13 inches deep, is 223*323 ; 
and for a notch of 4 inches deep, 38-116 ; therefore, 
the discharge from an orifice 9 inches deep, with the 
upper edge 4 inches below the surface, is 223*323 — 
38116 = 186-207 cubic feet per minute. But as the 
length of the orifice is 17 inches, this must be multi- 

17 
plied by yH? ^^^ *^® product 262*377 is the dis- 
charge in cubic feet per minute ; this is equal to a 
discharge of 4*373 cubic feet per second, and agrees 
with that before found. This is the simplest way of 
finding the discharge from rectangular orifices near 
the surface. 

Example 10. — What is the discharge in cubic feet 
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per mintUe^fi'om an or^ce 2 feet 6 inches long and 7 
inches deep, the upper edge being 3 inches below the 
surface, and the coefficient of discharge :628 ? From 
Tablb VI. we find the discharge from a notch 1 foot 
long and 10 inches deep to be 163-363, and for a 
notch 3 inches deep, 26 199. The diflference, or 
128-164, multiplied by 2i, will be the discharge re- • 
quired ; viz. 2i x 128-164 = 320-386 cubic feet per 
minute. 

Example 11* — The size of a channel is 2-76 times 
the size of an orifice, what is the coeffiment of dis- 
charge when that for a very large channel in pro^ 
portion to the or^ice is -628 ? We find from Table V. 
the coeflBcient to be -645, when the approaching 
water suflfers full contraction. By attending to the 
auxiliary Tables in the text, we find, for this case, 
orifice 1 

channel " 2^" *^^' ^^ °^^^*' therefore, multiply 

2-76 by -867, which gives 2-36 for the ratio of the mean 
velocities in the orifice and in the channel approaching 
it. With this new value of the ratio of the channel to 
the orifice, we find, as before, the value of the co- 
eflBcient from Table V. to be -661. The remarks 
throughout the work, with the auxiliary tables, will 
be found of much use in determining the coefl^cients 
for different ratios of the channel to the orifice, 
notch, or weir, and the corrections suited to each. 
If in this example we were coMidering, — other 
things being the same, — ^the alteration in the coeffi- 
cient for a notch, or weir, it would be found from 
the Table, column 4, to be '672 instead of •645 
found in column 3, for an orifice sunk some depth 
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below the surface. For the corrections suited to mean 
and central velocity, and to the nature of the approaches, 
we must refer to the body of this work and to the 
auxiliary tables therein at the end of Section IY. 

Example 12. — What is the discharge over a weir 
60 feet long ; the circumstances of the overfaU^ crest^ 
and approaches^ being stich that the coejfficiefU of 
discharge is 617, when the head measured from the 
water in the vmr basin, 6 feet above the crest, is 
17i inches? Table VI. will give the discharge in 
cubic feet per minute, over each foot in length of 
weir, for various depths up to 6 feet. It is divided 
into two parts ; the first for " greater coefficients," 
viz. -667 to -617; and the second for "lesser co- 
eflBcients," viz. -006 to -518. The coeflScient assumed 
being -617, we find the discharge over 1 foot in 
length, with a head of 17J inches, to be 348*799 
cubic feet per minute ; hence the required discharge 
is 50 X 348-799 = 17439-95 cubic feet. 

The determination of the coeflBicient suited to the 
circumstances of the overfall, crest, approaches, and 
approaching section, will be found discussed else- 
where through this work. The valuable Table de- 
rived from Mr. BlackwelFs experiments will also be 
of use ; but the heads being taken at a much greater 
distance back from the crest than is generally usual, 
the coefficients taken from it for heads greater than 
5 or 6 inches, will be found under the true ones for 
heads measured immediately at or about 6 feet, above 
the crest. For heads measured on the crest, the 
small Table of coefficients in Section III., applicable 
to the purpose, will be of use. 
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Example 13. — What is the mean velocity in a large 
channel^ when the maximum velocity along the central 
line of the surface w 31 inches per second? Table 
VII. gives 25 "89 inches for the required velocity, and 
for smaller channels 24*86 inches. In order to find 
the mean velocity at the surface from the maximum 
central velocity, the latter must be multiplied by 
•914. 

The velocity at the surface is best found by means 
of a floating hollow ball, which just rises out of the 
water. The velocity at a given depth is best found 
by means of two hollow balls connected with a link, 
the lower being made heavier than the upper, and 
both so weighted by the admission of a certain quan- 
tity of water that they shall float along the current, 
the upper one being in advance but nearly vertical 
over the other. The velocity of both will then be 
the velocity at half the depth between them. The 
velocity at the surface, found by means of a single 
ball, being also found, the velocity lost at the half 
depth is had by subtracting the common velocity due 
to the linked balls from that of the single ball at the 
surface. The velocity at any given depth is then 
easily found by a simple proportion ; but the result 
will be most accurate when the given depth is nearly 
half the distance between the balls, which distance 
can never exceed the depth of the channel. Pitofs 
tuhe, WoUmann^s tachometer y the hydrometric pendu- 
lumy the rheoTneteVj and several other hydrometers, 
have been used for finding the velocity ; but these 
instruments require certain corrections suited to each 
separate instrument, as well as kind of instrument, 
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and are not so correct or simple^ for measuring the 

velocity in open channels, as a ball and linked balls. 

Example 14. — What is the discharge from a river 

having a surfoice inclineUion of IS inches per mUe, or 

1 in 3520, 40 feet wide, with nearly vertical banks, 

and 3 feet deep ? The area is 40 x 3 = 120 feet, 

and the border 40 + 2 x 3 = 46 feet ; therefore the 

120 
hydraulic mean depth is -r^ = 2*61 feet = 2 feet 7*3 

inches*. With this and the inclination we find from 
Table VIII. 28-27 + 2-75 X ^ = 2887 inches per 

second = 2887 x 5 = 144-36 feet per minute for 
the mean velocity ; hence we get 144-35 x 120 = 
17,322 cubic feet per minute for the required dis- 
charge. For channels with sloping banks we have 
only to divide the border, which is always known, 
into the area for the hydraulic mean depth, with 
which, and the surface inclination, we can always 
find the velocity by Table VIII., and thence the 
discharge. Unless the banks of rivers be protected 
by stone pavement or otherwise, the slopes will not 
continue permanent ; it is therefore almost useless to 
give the discharges for channels of particular widths 
and side slopes. When the mean velocity is once 
known, the remaining calculations are those of mere 
mensuration, and they should be made separately. 
This example may also be solved, practically, by 
means of Tables XI. and XII. A channel 40 x 3 

* For greater hydraulic depths than 144 inches, the extent of 
the Table, divide hy 9, and find the corresponding velocity. 
This multiplied hy 8 will be the velocity sought. 
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has the same conveying power as one 70 x ZT^^*^^ 

XI., which latter, Table XII. discharges with a fall 

of 18 inches in the mile, 17,157 feet; or about one 

per cent, less than that previously found. 

Example 15. — The diameter of a very long pipe is 

li inchy and the rate of inclination j or whole length 

of the pipe divided by the whole faUy is 1 in 71| ; 

what is the discharge in cubic feet per minute ? The 

1*5 
hydraulic mean depth, or mean radius, is -j- = '375 

3 
inches = ^ inch. Consequently we find from Table 

VILl. the velocity in inches per second equal to 
25-09 - 1-92 X ^ = 25-09 - -29 = 24-80. The 

discharge in cubic feet per minute for a li-inch pipe 
is now found most readily by means of Table IX., 

afi follows : — 

Inches. Cubic feet 

For a velocity of 20-0 the discharge is 1-227 
4-0 „ „ -246 

•8 „ „ -049 



„ 24-8 „ „ 1-621 

Whence the discharge in cubic feet per minute is 
1-621, 

'For short pipes, of 100 or 200 feet in length, and 
under, the height due to the velocity and orifice of 
entry must be deducted from the whole height to find 
the proper hydraulic inclination, and also the height 
due to bends, curves, cocks, slides, and erogation. 
The neglect of these corrections has led some writers 
into mistakes in applying certain formulae, and in test- 
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ing them by experimental results obtained with short 
pipes. We shall now apply the Tables to the deter- 
mination of the discharge from short pipes, and 
compare the results with experiment, referring gener- 
ally to equation (153) and the remarks preceding it 
for a correct and direct solution. 

Example 16. — What is the discharge in cubic feet 
per minute from a pipe 100 feet longy with a fall or 
head of 35 inches to the lower end^ when the diameter 
is\\ inch ? Find also the discharge from pipes 80 
feet^ QOfeety 4tOfeet^ and 20 feet, of the same diameter 
and having the same head. If the water be admitted 
by a stop-cock at the upper end, the coeflBicient 
due to the orifice of entry will probably be about -75 
or less, '816 being that for a clear entry to a short 
cylindrical tube. The approximate inclination is 

or = 1 in 34-3 ; but as a portion of the fall 

must be absorbed by the velocity and orifice of entry, 

we may assume for the present that the inclination 

is 1 in 35. With this inclination and the mean radius 

li 3 

-J- z= Q inches, we find the mean velocity from Table 

YIII. to be 38-06 inches. Now when the coeflScient 
due to the orifice of entry and velocity is '76, we 
find from Table II. the head due to this velocity to 
be 3§ inches nearly, whence 35 - 3f = 31i = 31-625 

inches is the height due to friction, and ^i.^ng 

equals 1 in 37*9, the inclination, very nearly. With 
this new inclination we find, as before, from Table 
VIII. the mean velocity of discharge to be now 36-35 
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inches ; and by repeating the operation we shall find 
the velocity to any degree of accuracy in accord- 
ance with the table, and the shorter the pipe is, the 
oftener must it be repeated. The height due to 36-35 
inches taken from Table II. as before, with a coeflS- 
cient of -750, is 3J = 3-125 inches. The corrected 
fall due to the friction is now 35 - 3 125 = 31-875, 

and oi.o>T^ equal 1 in 37-6, the corrected inclina- 
tion. With this inclination we find the corrected 
velocity to be now 36-53 inches per second. It is 
not necessary to repeat the operation again. The 
discharge determined from Table IX. is as follows : — 

Inches. Cubic feet. 

For a velocity of 30*00 the discharge is 1-841 

6-00 „ „ -868 

•60 „ „ -031 

•03 „ „ -002 

36-63 „ „ 2-243 

The experimental discharge found by Mr. Provis was 
2-264 cubic feet per minute in one experiment, and 
2-285 in another. The discharge from the shorter 
pipes may be found in a similar manner, and we 
place the results alongside the experimental ones 
given in the work referred to below* in the following 
short table : — 

* " Transactions of the Institution of Civil Engineers," vol. ii. 
p. 203. " Experiments on the Flow of Water through smaU 
Pipes." By W. A. Provis. The smaU Tahles in Sections VI. 
and Vni. of this edition give at once the coefficient to he mul- 
tiplied hy^a^H, or 8*yiai ^ ^^ ^® velocity when the ratio of 
the diameter to the length of the pipe is known. They wiU he 
found of great advantage in calculating directly the velocity from 
short pipes. For long pipes, see the Table pp. 42 and 43. 
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EZPERIHEKTAL AND CALCULATED DISCHABGES FROM SHORT FIFES. 



K 

^ o 



IP 

l|l 



K 

11 



K. 
III 



s 

a 



100 
80 
60 
40 
20 



2-276 
2.600 
2-874 
3-604 
4.628 



87-082 
40-760 
46-846 
67-116 
73-801 



3* 
8i 
6 

12i 



31J 

3U 

30 

27i 

22i 



37-6 
80-8 
24-0 
17-6 
10-7 



36-63 
41-18 
48-02 
58-60 
78-61 



2-242 
2-621 
2-946 
3-690 

4-824 



The velocities in the fourth column have been cal- 
culated by the writer from the observed quantities 
discharged, from which the height due to the orifice 
of entry and velocity in column 5 is determined, and. 
thence the quantities in the other columns as above 
shown. The diflferences between the experimental 
and calculated results are not large, and had we used 
a lesser coefficient than -750 for calculating the re- 
duction of head due to the velocity, stop-cock, and 
orifice of entry, say -715, the calculated results, and 
those in all of Mr. Provis's experiments in the work 
referred to, would be nearly identical.* 

Example 17. — It is proposed to supply a reservoir 
near the town of Drogheda with water hy a long pipe^ 
having an inclination of 1 in 480, the daily supply to 
be 80,000 cubic feet ; what must the diameter of 

♦ In a late work, " Researches in Hydraulics," the author is 
led into a series of mistakes as to the accuracy of Bit Bu&t's and 
several other formulse, from neglecting to take into consideration 
the head due to the velocity and orifice of entry when testing 
them by the experiments above referred to. 
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the pipe he ? The discharge per minute must be 

-TTTfr = 56* cubic feet, nearly, l^sume a pipe 
1440 

whose "mean radius" is 1 inch, or diameter 4 

inches, and the velocity per second found from Table 

VIII. will be 14-41 inches. We then have from 

Table IX., 

Inches. Cubic feet. 

For a velocity of 10-00 a discharge of 4-863 

4-00 „ „ 1-746 

•40 „ „ -175 

•01 „ „ -004 



14-41 „ „ 6-287 

The discharge from a pipe 4 inches in diameter would 
be therefore 6-287 cubic feet per minute. We then 
have 
4* :d^:: 6-287 : 66,or 1 : rf* : : -196 : 56 : : 1 : 286; 

therefore d^ = 286, and d = 9-61 inches, nearly, as 
may be found from Table XIII., &c. This is nearly 
the required diameter. It is to be observed that the 
diameters thus found will not always agree exactly 
with those found from Du Buat's or other formulae, 
nor with each other, because the discharges are not 
strictly as d^ ; but in practice the difference is imma- 
terial, and the approximative value thus found can 
be easily corrected. If we assumed a pipe whose 
diameter is 1, the operation would have been more 
simple ; for the velocity would then be. Table VIII., 
at the given inclination, 6*4 inches ; and the discharge 
•175 cubic feet, Table IX. Hence we get rf* = 

* Hydraulic Tables, Weale, 1854, give at once this discharge 
for a pipe between 9 and 10 inches diameter, also the Table, p. 42. 
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:^ = 320, and, therefore, Table XIII., d = 10 

inches nearly, which diflfers about half-an-inch from 
the former value, 9 6 inches, found by assuming a 
pipe of 4 inches to calculate from. It is necessary 
to understand that dififerent results must be expected, 
in working from practical formulae, for dififerent 
operations. When once an approximative value is 
obtained, it can be easily corrected to any required 
degree of accuracy. 

Again the velocity in inches per second, from a cylin- 
drical pipe 6 inches in diameter, is nearly equal to the 
discharge in cubic feet per minute ; and as 6^ = 88*2, 
we have 88*2: : d^ : : the velocity in inches per 
second from a 6-inch pipe : the discharge per minute 
from a pipe whose diameter is d. Hence this pro- 
portion would enable us to find, very nearly, the 
discharge from the diameter and fall ; or the diameter 
from the discharge and fall by finding the velocity 
only, due to a 6-inch pipe. See Table pp. 42 and 43, 

ExAJCPLE 18. — The area of a channel is 50 square 

feety and the border 20'Q feet ; the surface has an in- 

clination of 4 inches in a mile ; what is the mean 

50 
velocity of discharge? go^g = 2427 feet = 29-124 

inches is the hydraulic mean depth ; and we get 
from Table VIII. 12-03 - g = 12-03 - 

•19 = 11-84 inches per second for the required velo- 
city. Though this velocity will be found under the 
true value for straight clear channels, it will yet be 
more correct for ordinary river courses, with bends 
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and turns, of the dimensions given, than the velocity 
found from equation (114), For a straight clear 
channel of these dimensions, Watt found the mean 
velocity to be 13-6 to 14 inches; that is to say, 
17 at top, 10 at bottom, and 14 in the middle. Our 

formula v = 140 (r s)^ — 11 (r s)^ gives v = 1*143 
feet, or nearly a mean of these two. 

Example 19. — A pipe 6 inches in diameter, 14,637 
feet in length, has a fall of 44 feet ; what is the dis- 
charge in cubic feet per minute ? The inclination is 

^ = 332-7, and mean radius j = IJ. We then 

find from Table VIIL the velocity equal to 19-81 + 

•41 X 4*8 

— j2:g — zz 19-81 + -16 = 19-97, or 20 inches per 

second very nearly ; and by Table IX. the discharge 
in cubic feet per minute is, as before found to be, 
13-635. The Table, p. 42, gives, by inspection, 13-6 
feet. 

Example 20. — What is the velocity of discharge 
from a pipe or cvlvert 4 feet in diameter, having a 

faU of 1 foot to a mUe ? Here s = 5080^ ^^^ ^ ~ 

1 foot. We then find the velocity of discharge from 
Table VIIL to be 14-09 inches, equal to 1-174 feet per 
second* By calculating from the different formulae 
referred to below, we shall find the velocities, when 
r * zz -0001894, and %/rl z= -01376, as follows. 

Velocity 
in feet. 
Beduction of Da BaAt's formtila .... equation (81) l-17i 
y, Girard's do. (Canals with aquatic 

plants and very slow velocities) „ (86) *521 
Pron/s do. (Canals) .... „ (88) 1-201 

1> 
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Beduction of Prony's fonnnla (Pipes) . . equjation (90) 1 



Velocity 
iorfeet. 

267 



Prony's do. (Pipes and Canals) 



(92) 1 



•229 

Eytelwein's do. (Rivers) ... „ (94) 1-200 

Eytelwein's do. (Rivers) ... „ (96) 1-285 

Eytelwein's do. (Pipes) ... „ (98) 1-364 

„ Eytelwein's do. (Pipes) ... „ (99) 1-360 

Dr. Young's do „ (104) 1-120 

•D'Aubuisson's do. (Pipes) . . „ (109) 1-269 

♦D'Aubuisson's do. (Rivers) . . „ (111) 1-199 
,, The writer's do. (Clear straight 

Channels with small velocities) „ (114) 1*268 

Weisbach's do. (Pipes) ... „ (119) 1-285 

„ The author's, for Pipes and Rivers „ 1-296 

We have calculated this example from the several 
formula above referred to, whether for pipes or rivers, 
in order that the results may be more readily com- 
pared. The formula from which the velocities and 
tables for the discharges of rivers are usually cal- 
culated is, for measures in feet, v = 94-17 \/^r~T. 
This gives the mean velocity, for the foregoing ex- 
ample, equal to 1-296 feet per second. This is the 
same as is found from my general formula for all 
velocities; but the particular expression, v z= 99*17 
s/ r Syia only suited for velocities of about 15 inches 
per second; the results found from it for. lesser 
velocities are too much, and for higher velocities too 
little, if bends and curves be allowed for separately- 
For ordinary practical purposes the result of Du 
Buat's general formula, equation (81), may be safely 
adopted ; and we have, accordingly, preferred retain- 
ing the results in Table VIII. calculated for our first 
edition from it, notwithstanding the greater accuracy 
and simplicity of our own general equation (119 a) 

* These two formulaB of D'Aabnisson's are, simplj, adoptions of 'Eyiel 
wein's aod Pronv's. 
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for the velocity in pipes and rivers, viz., v s 140 (rsf 
-11 (rs)l 

Dr. Young's formula gives lesser results for rivers 
and large pipes than Du Bu&t's, but they are too 
small unless when the curves and bends are numerous 
and sudden. Girard's formula (86) is only suited for 
small velocities in canals containing aquatic plants, 
and it is entirely inapplicable to rivers or regular 
channels for conveyance of water, A knowledge of 
various formulsB, and their comparative results, ap- 
plied to any particular case, will be found of great 
value to the hydraulic engineer, and the differences 
in the results show only an amount of error that may 
be expected in all practical operations, and which be- 
comes of less importance when we consider that by 
increasing the dimensions of a channel every way, 
by only one-third, we shall more than double its dis- 
charging power. See Table XIII, 

Example 21, — Water flowing down a river rises to 

a height of lOi inches on a weir 62 feet long; towhat 

height wUl the same quantity of water rise^ on a weir 

62 
similarly circumstanced, 120 feet long? T2o='617, 

nearly. In Table X. we find, by inspection, opposite 
to -517, the ratio of the lengths, the coefficient -644, 
rejecting the fourth place of decimals.; whence lOj 
X '644 =6-76 inches, the height required. When the 
height is given in inches it is not necessary to take out 
the coefficient to further than two places of decimals. 
Example 22. — The head on a weir 220 feet long is 
6 inches ; what wiU the head be on a weir 60 feet long, 
similarly circumstanced, the same quantity of water 

i>8 
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flowing over each ? ^oa = '273. As this lies between 
•27 and '28, we find from Table X'. the coeflBicient 
•4208; hence .^208^''^'*^^ inches, the head required. 

Table X. will be found equally applicable in 
finding the head above the pass into weir basins, and 
above contracted water channels. See Section X. 

Example 23. — A river channel 40 feet wide and 
4*6 fset deep is to be altered and widened to 70 fe^ ; 
what must the d^th of the new channel he so thai the 
surface inclination and discharge shaU remain urir 
altered? In ^* Table XI., of equally discharging 

RECTANGULAR CHANNELS," WC find opposite tO 4*64, 

in the column of 40 feet widths, 3 in the column of 
70 feet widths, which is the depth required in feet. 

Example 24. — It is necessary to unwater a river 
channel ^Q feet wide and 1 foot deep^ hy a rectangular 
side cut 10 feet wide ; what must the depth of the side 
cut be, the surface inclination remaining the same as 
in the old channel ? In Table XI. we find 4-5 feet 
for the required depth. When the width of a channel 
remains constant, the discharge varies as\/r^ x d^ 
in which d is the depth ; and when the width is very 
large compared with the depth, the hydraulic mean 
depth r approximates very closely to the depth rf, and 
therefore dzzr; consequently the discharge then 
varies as rf^x*^, and when the discharge is given d^ 
must vary inversely as /; or more generally rfr* must 
vary inversely, as **, when the width and discharge 
remain constant. 

In narrow cuts for unwatering, it is prudent to 
make the depth of the water half the width of the 
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cut very nearly, when local circumstances will admit 
of these proportions ; for then a maximum effect will 
be obtained with the least possible quantity of exca- 
vation ; but for rivers and permanent channels the 
proper relation of the depth to the width must be 
regulated by the principles referred to in Section IX. 

Table XI. is equally applicable, whether the mea- 
sures be taken in feet, yards, or any other standards 
whatever. 

Example 25. — A new river channel is to have a fall 
of eighteen inches in a mile, and must discharge 18,700 
eiJbic feet per minute, what shall the dimensions he ? 
In Table XII., in the column of 18 inches per mile, 
we shall find opposite to 18,766, that a primary chan- 
nel 70 X 2 125 will be sufficient ; and opposite to 2-126 
in Table XI. we shall find the equivalent rectangular 
channels 60x2-37; 50x2-70; 40x3'19; 35x3-52; 
30x3-96; 25x461; 20x558; 15x7-29; and 10 x 
11-37, to select from. If the sides shall have any given 
slopes, the discharge will not be practically affected 
as long as the depth and area of the rectangular 
channel and the one with sloping banks remain the 
same. See Section IX. 

Example 26. — A pipe 100 feet long and 1 inch in 
diameter has aheadof 150 feet over the lotver end, what 
wiU be the discharging velocity? Here r = -020833 
in feet, and s = 1-5, therefore rszzi -03125. Hence 
by formulffi(119A) i; = 140 x (-03125) -11 x (03125)* 
= 140 X -1766 - 11 X -315 = 24-724 - 3465 = 
21-259 feet per second. If allowance is required 
for the orifice of entry, the velocity is corrected as 
follows. A square orifice of entry has a coeflBcient 
of -815. The head due to this coefficient for a 
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velocity of about 20J feet, or 246 inches, is about 
10 feet, Table IL — The head due to friction is 

100 
therefore 160 - 10 = 140 feet, and * z= jjq=:1-4 ; 

T8 now becomes 14 x 020833 = 02917. Hence 
V — 140 \/77— 11 \/ry now becomes 140 x 171 
-11 X -308 nearly, equal to 23-940- 3-388 = 20-562 
feet, the velocity for a square junction. 

Example 27. — A sewer 9 feet in diameter has a 
fall of 2 feet per mile, what will be the velocity and 
discharge of water flowing through it when full ? 

Here t- = 2 -26 and * = ggjQ' therefore rszzi 0008623, 

(r5)* = -02919 and (r*)*=-0948; and by formula 
(119a) we have v = 140 (r s)^ - 11 (r sf = 140 x 
-02919 - 11 X 0948 = 40866 - 10428 = 30438 
feet per second. Hence the discharge per minute is 
9'x -7864 X 30438 x 60 = 6362 x 1826 =11,617 
cubic feet nearly. The velocity from a circular pipe 
or sewer is however greatest when the circumference 
is open for about 78j degrees at the top, but the 
velocity of sewage matter would not be equal to that 
of water. It would vary according to the dilution 
in the sewer, and 50 per cent, should be allowed, 
at least, in deduction, unless the dilution be very 
considerable. 

The Table for the values of r 5 and v, calculated 
from the formula (119 a) Sec. VIIL, will give the 
velocity at once when r * is known, and r s when the 
velocity is known, from the latter of which a definite 
value of r or * can be fixed upon, when the other 
may be found, by an operation of simple division. 

Example 28. — Waler is to be pumped through a 
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pipe 3000 feet long and 2 feet in diameter, with a 
velocity not exceeding 4 feet per second, what head 
must he allowed extra for friction in the pipe in 
calculating horse power? We shall find from our 
Table of the values of the velocity and product of 
the hydraulic mean depth and hydraulic inclination, 
given near the conclusion of Section VIII., that for 
a velocity of 4 feet per second r *= -00142. The dia- 
meter of the pipe is 2 feet, therefore r = "5, whence 

•00142 
s = — :g— =z '00284, and as the length of the pipe is 

3000 feet we get 3000 x -00284 z= 852 feet, the head 

required. The Table, p. 43, would give 9*6 feet 

nearly, which corresponds with Du Buat's formula. 

If the velocity in the pipe was 10 feet instead of 

4 feet per second, then, from our table, r 5 = '007676, 

^ rs 007576 ^,,,^« ^ .i_ i. 

and — = s = — :g — = 015152, and, therefore, 

h = ls = 3000 X -015152 = 45-456 feet, or about 
six times as much as when the velocity was only 
4 feet per second. The great loss of head arising 
from pumping at high velocities, from friction alone, 
is therefore apparent. Were the velocity double, or 
8 feet per second, the head would be 30 feet nearly, 
or from the Table, p. 43, 31-6 feet. 

For velocities of about 2-1 feet per second, v is 
equal to 100 \/rT, and for velocities of about 5| feet 
per second, v z= 1 10 \/7s. If / be the length of a pipe, 
we would find in the former case the head h in feet due 

Iv 
to friction from the formula h = j^qqqq = Is ; and 

7 « 

in the latter h = ■, q i aq ^ = '*• 
In questions of this kind, however, the diameter of 
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a pipe, d should be used in preference to the 
hydraulic mean depth, and as rf = 4 r we shall find in 

the first case h = ofiOOrf = '* » ^^^ ^^ *^® second 

^_ W _. 
^^^' ^ - 3026rf "" ^*' 

If we wish to substitute the fall per mile for the 
hydraulic inclination, the first of these will again 

become h = — ^ — = ls for the loss per mile ; and 

in the second case, h = }l]^ zz Is for the loss per 
mile in feet. 

If the velocity were so low as about 1 foot per 
second, then t; zi 90 \/T7, and we should find 

If for the inclination we substitute the fall per 

mile, this will become h = — -j— =ls for the loss 
per mile in feet. 

The loss of head varies in the same pipe with the 
velocity, and must be calculated differently, for small 
and for high velocities, when using the common for- 
mulae. The Table near the end of Section VIII. will 

T S 

always give the correct value of r*, and thence *= — • 

In addition to the loss of head arising from fric^ 
tion, losses also accur from straight or curved bends, 
from diaphragms, from junctions, and from the ori- 
fices of entry and discharge ; these must be deter- 
mined separately for each case, as is shown hereafter, 
and added together and to the loss arising from fric- 
tion, and the sum to the height the water is to be 
raised, before the full or total head for determining 
the power of an engine can be accurately known. 
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The Table on the next two pages will be found of 
great practical utility in solving all questions con- 
nected with water-pipes and sewers discharging fully- 
diluted sewage. In using it we can interpolate, by 
inspection, for intermediate diameters or inclinations. 
For greater diameters, divide those given by 4, and 
multiply the corresponding velocity found in the 
table by 2, and the corresponding discharge in the 
table by 32. If the object be to find the size 
of the channel, divide greater given velocities by 2, 
and multiply the diameters or inclinations found from 
the table by 4 ; also divide greater discharges by 32, 
and multiply the diameters found from the table by 
4. The small auxiliary table, p. 43, embodied in the 
larger one, is of great use in making allowance for 
the velocity and orifice of entry in short pipes, before 
finding the head due to friction. The table also gives 
the different diameters and inclinations which, taken 
together, give the same velocity or discharge ; and it 
enables us, from inspection, to select that relation of 
diameter to declivity which is best suited for other 
engineering aspects of the question. Taken in con- 
nexion with Tables VIII., XI., XIL, and XIII., this 
table completes the means of finding, by inspection, 
the dimensions, inclinations, velocities, and discharges 
of every class of water-channel or sewage-conduit 
required in engineering practice. 

Table XIV. gives the comparative values of Eng- 
lish and French measures ; and Table XV. gives the 
weight, specific gravity, and ultimate strength and 
elasticity of various materials with which the engineer 
has to operate. 
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SECTION n. 

FORMULJB FOR THB VBLOOITT, AND DISCHARGE, FROM 
ORIFICES, WBIRSy AITD NOTCHES. — COEFFICIENTS OF 
VELOCITY, CONTRACTION, AND DISCHARGE. — PRACTICAL 
REMARKS ON THB USB OF THE FORMULAE. 

The quantity of water discharged in a given time 
through an aperture of a given area in the side or 
bottom of a vessel, is modified by different circum- 
stances, and varies more or less with the form, posi- 
tion, and depth of the orifice ; but the discharge may 
be easily found, when we have determined the velocity 
and the contraction of the fluid vein. 



VELOCITY. 

If g be the velocity acquired by a heavy body 
falling from a state of rest for one second, in vacuo, 
then it has been shown by writers on mechanics, that 
the velocity v per second acquired by falling from a 
height A, will be 

(1.) V = x^Y^h. 

The numerical value of ^varies with the latitude ; we 
shall assume 2 ff = 772 -84 inches = 64-403 feet. 
These will give for measures in inches, 

V = 27-8 %/V and h =^^4, ='001293t^, 

and for measures in feet, 

* The velocities for different heights are given in the colninn 
number 1, Table II. 
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V = 8-025 \/T, and A = gjrjQS ^ '01653 v*. 
If r be in feet, and h in inches, then 

V = 2-317 v/A^and A = 5:^ = -1864 v\* 



COBFPIOIBNT OP VBLOOITY. 

Let the vessel a b c d, Fig. 1, be filled with water 
to the level e p : then it has been found, by experi- 



ment, that the velocity of discharge through a small 
orifice o, in a thin plate, at the distance of half the 
diameter outside it, in the vena-^xmtracta^ will be very 
neariy that due to a heavy body falling freely from 
the height h, of the surface of the water e f, above 
the centre of the orifice. The velocity of discharge 

♦ The force of gravity increases ^th the latitude, and decreases 
with the altitude above the level of the sea, but not to any con- 
siderable extent If X be the latitude, and h the altitude, in feet, 
above the mean sea level, then we may, generally, take 

g = 32-17 (1 — -0029 cos 2X) X (l — ^), 

in which b, the radius of the earth at the given latitude is equal 
to 

20887600 ( 1 + -0016 cos 2X). 
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determined by the equation v = y/Tgh^ for falling 
bodies, is, therefore, called the " theoretical velocity^ 
If we now put v^ for the actual mean velocity of dis- 
charge in the vena-^ontracta^ and c^ for its ratio to 
the theoretical velocity v, we shall get v^z=:CyV\ and 
by substituting for t?, its value s/lgh^ 
(2.) vi=c,>/lfh, 

c^ is termed ^^the coefficient ofvelocUy ;" its numerical 
value, at about half the diameter from the orifice, is 
about -974 ; and, consequently, 

v^ = -974 s/Tgh. 
This for measures in inches becomes 

v^ = 27-077 x/X* 
and for measures in feet 

v^ = 7-816 \/h. 
The orifice o, is termed an horizontal orifice in Fig, 
1, and in Fig 2 a vertical or lateral oriHce. When 

* The velocities for different heights calculated from this 
formula, are given in the column numbered 2, Table II. It has 
been latterly asserted in a Blue Booh that theoretically v^ = 
t^U g h. It is not necessary here to combat this error, which 
confounds the discharge with its velocity, and a single practical 
fact, applicable only to a thin plate, with a theoretical principle. 
The experimental] discharge approximates to | >/2^ h multiplied 
by the area of the orifice ; but the theoretical velocity s/^ g h 
always approximates to the experimental velocity, or •OTi >/)i g A, 
obtained immediately outside the orifice in the venorconjtracta. It 
would be unnecessary to allude to this theory here if it were not 
supported and put forward by three eminent engineers whose 
authority may mislead others. Vids p. 4. Brief observations of 
Messrs. Bidder^ Hawksley, and BazalgeUe on the answers of the 
Chvemment Eeferees on the Metropolitan Main Daainagb, or- 
dered by the House of Commons to be printed ISth July, 1858. 
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small, each is found to have practically the same 
velocity of discharge, when the centres of the con- 
tracted sections are at the same depth, A, below the 
surface ; but when lateral orifices are large, or rather 
deep, the velocity at the centre is not, even prac- 
tically, the mean velocity ; and in thick plates and 
modified forms of adjutage, the mean velocities are 
found to vary. 

VBNA-CONTEACTA AND CONTRACTION. 

It has been found that the diameter of a column 
issuing from a circular orifice in a thin plate, is con- 
tracted to very nearly eight-tenths of the whole 
diameter at the distance of the radius from it, and 
that at this distance the contraction is greatest. The 
ratio of the diameter of the orifice to that of the 
contracted vein, vena-contracta, is not always found 
constant by the same or diflFerent experimentalists. 



Newton makes it 1 : 


•841, ] 


Poleni „ 1 • 


f-846 
t-788 


Borda „ 1 


• -802 


MicheUotti ,, 1 


•8 


Bossut „ 1 


. (-81 
• t-818 


Du Buat „ 1 


•816 


Venturi „ 1 


•798 


Eytelwein „ 1 


: -8 


Bayer „ 1 


: -7864 



•841 i*^^» therefore, that of the) ..^q^ 
' I areas as 1 : ) 

■■{■■ 



•7166 
•622 
1 : -6432 
1: -64 
•656 
•669 
1: ^667 
1: -637 
1: ^64 
1 : -617 



Bayer's value for the contraction has been deter- 
mined on the hypothesis, that the velocities of the 
particles of water as they approach the orifice from 
all sides, are inversely as the squares of their 
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distances from its centre ; and the calculations made 
of the discharge from circular, square, and rectan- 
gular orifices, on this hypothesis, coincide pretty 
closely with experiments. 



FORM OF THE OONTEAOTED VEIN. 

Let R = rf, Fig. 3, be the diameter of an orifice; 

then at the distance r ^ = g- the contraction is found 

to be greatest ; we shall assume the contracted di- 
ameter o r = •7854 d. If we suppose the fluid 
column between o r and o r to be so reduced, that 
the curve lines r r and o o shall become arcs of circles, 

then it is easy to show 
from the properties of 
the circle, that the ra- 
dius r must be equal 
tol-22rf. The mean 
velocity in the orifice, 
OR, is to that in the 
617 : 1 ; and the mouth piece, 
R7'oo,Fig.4, in which op = \ or, and or — -7854 x 
o R, will give for the velocity of discharge at o r, the 
vena-contracta^ 

v^ = -974 s/Tfh = 7-816 %/a; 

in feet very nearly. In 
speaking of the velo- 
city of discharge from 
orifices in thin plates, 
we always assume it 
to be the velocity in 
the vena-contracta, and not that in the orifice itself, 



vena-contracta^ or, ^ 
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which varies with the coefficient of discharge, unless 
in Table II., where the mean velocity in the latter, 
as representing c^ \/ 2 ^ A, is also given. 



OOEFFICIBNTS 01* GONTEACTION AND DISCHARGE, 

K we put A for the area of the orifice o b, Fig. 3, 
and Ce X A for that of the contracted section at o r, 
then Ce is called the " coefficient of contraction.'* The 
velocity of discharge v^ is equal to c^ \/2 ffh, equa- 
tion (2). If we multiply this by the area of the 
contracted section c^ x a, we shall get for the dis- 
charge 

D = c^ X Ce X A x/YgTh* 

It is evident A \/2 ff h would be the discharge if 
there were no contraction and no change of velocity 
due to the height h; c^ X c^ia therefore equal to the 
coefficient of discharge. If we call the latter c^, we 
shall have the equation 
(3.) c^ = c^x C,y 

and hence we perceive that the ^^coefficient of discharge'' 
is equal to the product of the coefficients of velocity 
and contraction. In the foregoing expression for the 
discharge d, h must be so taken, that the velocity at 
that depth shall be the mean velocity in the orifice a. 
In fvJU prismatic tubes the coefficients of vdocity and 
discharge are equal to each other. 



* The expression c^e^ij^gh^c^^/^gh is the coefficient 
of the area a, and, consequently, represents the mean velocity in 
the orifice; the coefficient of which is, therefore, equal to c^. 
The values of the velocity c^s/^ gh, for different heights and 
coefficients, are given in Table II. 

B 
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MEAN AND CENTRAL VELOCITY. 

In order to find the mean velocity of discharge 
from an orifice, it is, in the first instance, necessary 
to determine the velocity due to each point in its 
surface, and the discharge itself; after which, the 
mean velocity is found by simply dividing the area 
of the orifice into the discharge. The velocity due 
to the height of water at the centre of a circular, 
square, or rectangular orifice, is not strictly the 
mean velocity, nor is the latter in these, or other 
figures, that at the centre of gravity. When, how- 
ever, an orifice is small in proportion to its depth in 
the water, the velocity of efllux determined for the 
centre approaches very closely to the mean velocity ; 
and, indeed, at depths exceeding four times the depth 
of the orifice, the error in assuming the mean velocity 
to be that at the centre of the orifice is so small as to 
be of little or no practical consequence, and for 
lesser depths it never exceeds 6 per cent. It is, there- 
fore, for greater simplicity, the practice to determine 
the velocity from the depth h of the centre of the 
orifice, unless in weirs or notches ; and the coeflB- 
cients of discharge and velocity in the following 
pages have been calculated from experiments on this 
assumption, unless it shall be otherwise stated. 

DISOHARGES THROUGH ORIFICES OF DIFFERENT FORMS IN 
THIN PLATES. 

The orifices which we have to deal with in practice 
are square, rectangular, or circular ; and sometimes, 
perhaps, triangular or quadrangular in form. It will 
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be necessary to give here only the theoretical ex- 
pressions for the discharge and velocity for each kind 
of form^ but as the demonstrations are unsuited to 
onr present purposes we shall omit them. 



TRAPEZOIDAL ORIPIOES WITH TWO HORIZONTAL SIDES. 

Put d for the vertical depth of an orifice, h^ for the 
altitude of pressure at top, above the upper side, and 
Ab for the altitude at bottom, above the lower side, 
we then get 

A^ — At = d. 
Let us also represent the top or upper side of the 
orifice A or o. Fig. 5, by /», and the lower or bottom 



side by l^^ and put 



h + h^ 



2 



= /. 





Now, when It^hf the trapezoid becomes a paral- 
lelogram whose length is / and depth d ; and putting 
A for the depth to the centre of gravity, we get the 
equation 

The general expression for the discharge, d, through 

a trapezoidal orifice, a, is then 

b8 
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5 ft 

(4.) i»=c,v^xf(4*t-AM + f(A-4)^^}, 

in which c^ is the coefl&cient of discharge ; and when 
the smaller side is uppermost as at c, 

(5.) D=C,V^xf{af - AAt-f(4-^)%^'|- 
PARALLELOGRAMIO AND RBOTANGULAB ORIFICES. 

When /t = 4 = /, the orifice becomes a parallelo- 
gram^ or a rectangle, b, and we have for the discharge 

(6.) D«c,vT^X^/{Af-At}. 

KOTOHIS. 

When the upper sides of the orifices A^ b, and c, 
rise to the surface as at a^, Bo, and Go, h^ becomes 
nothing, and we get, B3 h^ = d, for the trapezoidal 
notch Ao with the larger side up, 

(7.) i> = c,x/2^X ld^[K + -^{h-k)] 

for the trapezoidal notch, Oo, with the smaller side up, 
(8.) J> = c,s/^X^d^{h-^{K-k)} 

= '^c,s/2irf^ (2^+34), 

the same in form, but not in value, as the preceding 
equation ; and for a parallelogramic or rectangular 
notch Bo, 
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2 i /— 



(9.) D = c,VT^X7/rf' = 

It is easy to perceive that the forms of equations (4) 
and (5), and also of equations (7) and (8)^ are iden- 
tical. The values for the discharge in equations (6) 
and (9) are equally applicable, whether the form of 
the orifice be a parallelogram or a rectangle, the only 
diflference being in the value of the coefl&cient of 
discharge, c^ which becomes slightly modified for 
each form of orifice. 

TBIANGULAB 0BI7I0ES WITH HORIZONTAL BASES, AND 
BBOTILINIAL OBIFIOBS IN GENBBAL. 

When the length of the lower side, 4 = 0, the 
orifice becomes a triangle, d. Fig. 6, with the base 
upwards. 




In this case, equation (4) becomes 

(10.) ^.c.^g^'-^{i^^-H\}: 

which gives the discharge through the triangular 
orifice, d. 

When /t = 0, in equation (5), the orifice becomes a 
triangle, p, with the base downwards ; in this case, 
we find for the value of the discharge. 
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(11.) D=c,x/2^xf 4(Ai-JxMrM). 

As any triangular orifice whatever can be divided 
into two others by a line of division through one of 
the angles parallel to the horizon ; and as the dis- 
charge from the triangular orifice d or p is the same 
as for any other on the same base and between the 
same parallels, we can easily find, by such a divi- 
sion, the discharge from any triangle not having one 
side parallel to the horizon, and thence the discharge 
from any rectilineal figure whatever by dividing it 
into triangles. 

If the triangle f be raised so that the base shall be 
on the same level with the upper side of the trian- 
gular orifice d ; if, also, the bases be equal, and also 
the depths, we shall find, by adding equations (10) 
and (11), and making the necessary changes indicated 
by the diagram, 

(12.) D = c, x/Tg X -^ (4+4- 2 X K + df] 

for the discharge from a parallelogram e with one 
diagonal horizontal. Now this is the same as the 
discharge from any quadrilateral figure whatever, 
having the same horizontal diagonal, and also having 
the upper and lower angles on the same parallels, or at 
the same depths, as those of the parallelogram. If 
the orifices d, p, and e rise to the surface of the 
water, as at Do, Bo, Po, we shall then have for the dis- 
charge from the notch Do, 

(13.) D=c,%/2^X^/trf^: 

which for a right angled triangle becomes 
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D 



8 ^o* 



= Cd\/2^X -dK 



16 



For the discharge from the notch Po, 



6 5. 



(14.) ^^c^s/%g X -A>rf^: 

and for the discharge through the notch Eo, 

(15.) D=c,x/2^x^{4-2rf'}=Cd\/2^X •9752Z6^. 

When the parallelogram % becomes a square lz=^2 d, 
and hence, 

(16.) D=Cd\/2^X-9752/^X \/l=c^\/2^lX'S4A78P. 
The foregoing equations wiU enable us to find an 
expression for the discharge from any rectilineal 
orifice whatever, as it can be divided into triangles, 
the discharge from each of which can be determined 
as already shown in the remark following equation 
(11.) The examples which we have given will be 
found to comprehend every form of rectilineal orifice 
which occurs in practice ; but for the greater number 
of orifices, sunk to any depth below the surface, the 

* In the Civil Engineer and Architect's Journal, 1868, p. 870, it 
is stated that Professor Thompsoi^ Belfast College, gave at the 
British Association in Leeds for a right angled triangle, for 
discharges of from Q to 10 cubic feet per minute, the expression 

Q = -817 H », in which q is the quantity in cubic feet per minute, 
and H the head in inches. Now the above equation for a coeffi- 

5 

cient of -617 becomes, for inch measures, d = 17'153 x thf d » = 

9-16 d « ; or by multiplying by 60, and dividing by 1738, to 

reduce the discharge to feet per minute, we get d = -317 d*, 
identically the same as Professor Thompson derived from his 
experiments. All sections of a triangular notch are similar tri- 
angles, and hence the advantage of a triangular-notch-gauge, 
where it can be used, as, probably, the coefficient remains constant 
Professor Thompson, I believe, first drew attention to this. 
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discharge will be found with sufficient accuracy by 
multiplying the area by the velocity due to the 
centre. 

OIROITLAB AND BBMIOIRCULAB ORIFIOBS. 

The discharge through circular and semicircular 
orifices in thin plates can only be represented by 
means of infinite series. Let us represent by Si the 
sum of the series 



^^SM 



Fig. 7 



^^^Wil 



^n^ 




{ 



2 V2 4>'V2.4>'A* V2 4 6 8>'V2 4 B^' A* 

_/l 1 1 1 1 1\(L }l ^ i^^_Jlr \ 
W ^' e' S* lo' 12^ W ^' 6^sW~^'] ' 

Let us also represent by *a the sum of the series 
_!_j(i.i)J + (i.i.£) (1.1) g 

8*1416 1^2 3^h^\2 4 G^ ^S 6^ k^ 

+(i.L.l.i.I)(i.l.l)j; + &c.l: 

~V2 4 < 8 1(K V8 6 T^'A* ' ) 

then the discharge from the semicircle g, Fig. 7, with 

the diameter upwards and horizontal, is 

(17.) D == Cd \/2jh X 3-1416 r« {s, + s^). 

And the discharge from the semicircle i, with the 

diameter downwards and horizontal, is 

(18.) D^c^\/2pix 3-1416 r«(*i_*,). 

If we put A for the area, we shall also have for the 

discharge from a circle h, 
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(19.) D = Cd \/2g h X 2a*i. 

In each of these three equations (17), (18), and (19), 
h is the depth of the centre of the circumference 
below the surface, and r the radius. 

When the orifices rise to the surface, we have for 
the discharge from a semicircular notch Go, with the 
diameter horizontal and at the surface, 
(20.) D=C4\/2^X -95867^ = Cdv/2^X -6103 a; 
when the circumference of the semicircle is at the 
surface, and the diameter horizontal^ as at lo, 

(210 D=CdV^X^^(vl28--7)r«=c,x/2^X •7324 a; 

when the horizontal diameter of the semicircle is 
uppermost, and at the depth r below the surface, 
(22.) D = Cd\/27rxl-8667r^=Cd\/2^Xl-1884A; 
and when the circumference of the entire circle is at 
the surface, as at Ho, 
(23.) D===C4\/2^rx30171r'=Cd\/2^X •9604a. 

If we desire to reduce equations (20), (21), and 
(22), to others in which the depth h of the centre 
of gravity from the surface is contained, we have only 

to substitute —— for r in equation (20), and we 

shall get, for the discharge from a semicircle with the 

diameter at the surface, 

(24.) D = c^K/Ygh X 0367 A : 

h 
also, by substituting TgiTgg for r in equation (21), we 

get, for the discharge from a semicircle when the 

circumference is at the surface and the diameter 

horizontal, 

(26.) D = Cd s/^2gh X "9653 A ; 
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and when the horizontal diameter is uppermost^ and 
at the depth r below the surface ^ = -i .j^oTT ^^^ 



(26.) D = Cd \/ 2gh X -9957 A. 

As A stands for the area of the particular orifice 
in each of the preceding expressions for the dis- 
charge, it must be taken of double the value, in 
equation (23) for instance where it stands for the 
area of a circle, that it is in equations (20), (21), or 
(23), where it represents only the area of a semicircle. 

MEAN VELOCITY. 

The mean velocity is easily found by dividing the 
area into the discharge per second given in the pre- 
ceding equations. For instance, the mean velocity 
in the example represejited in equation (9), is equal 

-Cd\/2^rf, which is had by dividing the area Id 

8 

into the discharge; and in like manner the mean 
velocity in equation (23) is -9604 c^ \/ 2gr. 



PRACTICAL REMARKS ON THE DIBOHARGE PROM CIRCULAR 
ORIFICES. 

It has been shown, equation (19), that, for the 
discharge from a circle, we have 

D = Cd\/2^A X 2a5i, 
in which h is the depth of the centre, A the area^ 
and Si the sum of the series 

l2 V24/V24/A* \2 4 6 8/ V2 4 6/A* J 
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and it has also been shown, equation (23), that, when 
the circumference touches the surface, this value 
becomes 

D = Cd \/1gr X •9604a. 

Now when h is very large compared with r, it is easy 
to perceive that 2 Si = 1, and hence 

(27.) D = C4\/2^Ax A. 

As this is the formula commonly used for finding the 
discharge, it is clear, if the coefficient c^ remain con- 
stant, that the result obtained from it for d would be 
too large. The differences, however, for depths 
greater than three times the diameter, or 6 r, are 
practically of no importance ; for, by calculating the 
values of the discharge at different depths, we shall 
find, when 

^h^T, that D = Cd%/25rA X •960 a 
D = Cd\/"2^ X -978 A; 



(28.) 






A = 



^r 



:> }9 



tr 



'9 V 



D = Cd y/Ygh X '985 A 
D = Cd \/YgTi X -989 A 



V 



A = 2r, „ D = Cdv/^7^ X •992a 

A = 3r, „ D = Cd\/27A X •996a 

A = 4r, „ D = Cdv/2^ X •998a 

A = 5r, „ D = Cd\/2^x •9987a; 

= 6 r, „ D = Cd \/2gh X -9991 a. 



These results show very clearly that, for circular 
orifices, the common expression for the discharge 
Cd >/2gh X A is abundantly correct for all depths 
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exceeding three times the diameter^ and that for 
lesser depths the extreme error cannot exceed fonr 
per cent, in reduction of the quantity found by this 
formula. We shall show, hereafter, when discussing 
the value of c^ that from the sinking of the surface^ 
and perhaps other causes, the discharge at lesser 
depths is even larger than that exhibited by the 
expression c^ \/lg h x a, the value of the coefficient 
of discharge, c^, being found to increase as the depths 
h decrease. In fact, the sides of the orifice, the 
rounding of the arrises, and the depth and position 
with reference to the sides of the vessel, and surface 
of the water, are of far greater practical importance 
than extreme accuracy in the mathematical formula. 



PRACTICAL REliARES ON THE DISCHARGE FROM RECTANQULAR 

ORIFICES. 

It has been shown, equation (6), that the discharge 
from rectangular orifices, with two sides parallel to 
the horizon or surface of the water, is expressed by 
the equation 

in which / is the horizontal length of the orifice, h^ 
the depth of water on the lower, and h^ the depth on 
the upper, side. As it is desirable in practice to 
change this form into a more simple one, in which 
the height h of the centre and depth d of the orifice 

d 

only shall be included, we then have Ab = A +— and 
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At = A — -• By substituting these values of fh, and 

At in the foregoing equations, and developing the 
result into a series, the terms of which, after the 
third, may be neglected, and putting a for the area 
/ dy we shall find, 

(29.) D = Cd\/2 5rAxA{l- gg-^ j very nearly. 

We have therefore for the accurate theoretical dis- 
charge 

(30.) „=.../577ixi.f-±*4/=M)»|, 

for the approximate discharge 

D = Cd \/2jh X A { 1 — gg^, ) ; 

and for the discharge by the common formula 

D = Cd \/2gh X A. 
When the head (A) is large compared with (rf) the 
height of the orifice, each of the three last equations 
gives the same value for the discharge ; but as the 
common expression c^ \/2gh x a is the most simple ; 
and as the greatest possible error in using it for lesser 
depths does not exceed six per cent., viz. when the 
orifice rises to the surface and becomes a notch, it is 
evidently that formula best suited for practical pur- 
poses. The following table and equations will show 
more clearly the differences in the results as obtained 
from the true^ the approximate^ and the camnum for- 
muUe^ applied to ^'lesser" heads ; and they will also 
explain, to some extent, why " coefficients " deter- 
mined from the common formula, and that used by 
Poncelet and Lesbros, should decrease as the orifice 
approaches the surface. 

Digitized by VjOOQ iC 



62 



THE DISCHABOE OF WATEB FROM 



(31.) 



'l 








2 








3 


*4 


D= 


=Cd- 


v/2^Ax •9428a, 


D: 


=Cd 


v/2^ Ax •9583 a. 


- 6d 


^> 


>^ 


^? 


X -9693 A. 


99 


99 


99 


X •9733 a. 


8rf 


>> 


^> 


^9 


X •9796 a. 


99 


>> 


» 


X -9815 A. 




99 


>> 


>> 


X •9854 a. 


99 


>? 


;> 


X •9864a. 


A= J 


>^ 


>^ 


99 


X •9890 a. 


99 


>^ 


9^ 


X •9896 a. 




» 


>> 


>> 


X -9953 A. 


99 


» 


99 


X •9954a. 


A=2rf, 


>? 


>> 


>> 


X •9974a. 


99 


99 


9} 


X •9974 a. 


A=-, 


» 


>^ 


>> 


X •9983 a. 


99 


99 


99 


X •9983 a. 


As=3 ^, 


99 


^> 


^> 


X •9988 a. 


>> 


» 


99 


X •9988 a. 




» 


>^ 


99 


X •9991a. 


99 


99 


W 


X •9991a. 


A=4rf, 


^? 


>> 


?> 


X •9994 a. 


>? 


9J 


99 


X •9994a. 


A=10rf, 


>? 


>> 


>; 


X •9999 a. 


>> 


99 


99 


X •9999 a. 



In the foregoing Table the first column contains 
the head at the centre of the orifice expressed in 
parts of its height d\ the second contains the values 
of the discharges according to equation (30) ; and 
the third column contains the approximate values 
determined from equation (29), the results in which 
are something larger than those in column 2, derived 
from the correct formula. The numerical coefficients 
of A, at every depth, are less in both than one, the 
constant coefficient according to the common formula. 
The latter, therefore (as in circular orifices), gives re-, 
suits exceeding the true ones, but the excess is in- 
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appreciable at greater depths than hzzSd, and for 
lesser depths than this the error cannot exceed six 
per cent. It may be nsefal to remark here, that 
when the orifice rises to the surface and becomes 
a notch, the ^^centre of mean vdocitj/* is at four^nths 
of the depth, and the centre of gravity at tvHhthirds 
of the depth from the surface. The former fraction 
is the square of the latter. 



SECTION III. 

EXPBRIMBNTAL RESULTS AND FORMULA — OOEFFIOIBNTS 
OF DISCHARGE. 

We have heretofore dwelt but very partially on the 
numerical values of the general coefficient of discharge 
Cd. In order to determine its value under different 
circumstances more particularly, it will be now ne- 
cessary to consider some of the experiments which 
have been made from time to time. These do not 
always give the same results, even when conducted 
under the same circumstances and by the same par- 
ties, and there appears to exist a certain amount of 
error, more or less, inseparable from the subject. The 
experiments with orifices in thin plates afford the 
most consistent results ; but even here the differences 
are sometimes greater than might be expected. In 
many of the earlier experiments the value of the co- 
efficient Cd comes out too large, which arises, very 
probably, from the orifices experimented with not 
being in thin plates, and partaking, more or less, of 
the nature of short tubes or mouth-pieces with rounded 
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arrises, which, we shall see, give larger coeflBicients than 
simple orifices. When an orifice is in the bottom of 
a vessel, it would appear more correct to measure the 
head from the surface to the vena-ccnUracta than from 
the surface to the orifice itself; and as any error in 
measuring the head in any experiment must affect the 
value of the coefficient derived from such experiment, 
so as to increase it when the error is to make the head 
less, and vice versd^ it appears that heads measured to 
an orifice in the bottom of a vessel, and not to the 
vena-cantracta^ must give larger coefficients from the 
experimental results than, perhaps, the true ones. 
The coefficients in the following pages have been al- 
most all arranged and calculated, by the writer, from 
the original experiments. 

In 1739 Dr. Bryan Robinson made some experi- 
ments on the discharge through small circular ori- 
fices, from one-tenth to eight-tenths of an inch in 
diameter, with heads of two and four feet*, which 
give the following coefficients. 



COEFiriCIENTS 


FBOM DB. 


B. bobinbon's exfebikents. 


Heads. 


diameter. 


diameter. 


diameter. 


diameter. 


a feet head 
4 feet head 


•768 
•768 


•767 
•774 


•761 
•765 


•728 
•742 



These results are pretty uniform, and the values 
from which they are derived are said to be " means 
taken from five or six experiments ;'' as values of c^ 
they are, however, too high. The apparatus made 
use of is not described ; but it is probable, from the 

* Helsham's Lectures, p. 890. Dublin, 1739. 
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results, that the plate containing the hole or orifice 
was of some thickness, and that the inner arris was 
slightly rounded. There is here, however, a very 
perceptible increase in the coeflBicients for the smaller 
orifices, but none for the smaller depth. 

In a paper in the Transactions of the Royal Irish 
Academy, vol. ii. p. 81, read March 1st, 1788, Dr. 
Mathew Young determines the value of the coefficient 
for an orifice -h inch in diameter, with a mean head of 
14 inches, to be -623. The manner in which this 
value is determined is very elegant, viz. by comparing 
the observed with the theoretical time of the water, 
in the vessel, sinking from 16 inches to 12 inches. 

The following experiments by Michelotti, with 
circular orifices from 1 to about 3 inches diameter, 
and with from 6 to 23 feet heads, give for the mean 
value Cd=-613 ; and for square orifices of from 1 to 
9 square inches in area, at like depths, the mean 
value of Cd = -628. The experiments are given in 
French feet and inches, according to which standard 
we have, in feet, d=7-77 a \/hx t^ t being the time 
in seconds.* As the time of discharge in these ex- 



* The value of >/ Ji ^ ^, equation (1), for measures in French 
feet, is 7•77^/T, and for measures in French inches, 26-9 v^V^ 
being equal to 30-3 feet, or 362*4 inches, French measure. One 
French foot is equal to 1*06578 English feet, and the inches 
preserve the same proportion. The resulting coefficients must be 
the same, whatever standards we make our calculations from. 
Many of the most valuable formulse and experiments in hydraulics 
are given in French measures of the old style. As our object, 
however, in the present section, is simply to determine from ex- 
periment the relation of the experimental to the theoretical dis- 
charge, it is not necessary to reduce the experiments to other 
measures than those in the original ; but the value of the force of 
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periments varies from ten minutes to an honr^ and as 
the depths are considerable^ the results must be 
looked upon as pretty accurate ; and it is worthy 
of note that here the coefficients are larger for 
square than for circular orifices. 

We may remark here in passing how universal the 
coefficients -613 to -628 are for all forms of orifices 
in thin plates, or with the outside arrises chamfered. 
Indeed, we may always use the coefficient -62 with 
certainty, for practical purposes, for every orifice of 
this kind, whether at the surface in the form of a 
notch, or at the sides or bottom of a vessel, if the 
section of the approaching water be large in propor- 
tion to the area of the discharging orifice or notch. 
By coefficient we of course here mean that decimal 
which, multiplied by the theoretical value, gives the 
practical result ; and this is substantially the same 
for notches and orifices sunk below the surface, as 
will appear farther on. There appears to us, how- 
ever, an utter want of accuracy in using the coeffi- 
cient -62 or thereabouts in gauging for all orifices, 
weirs included, no matter what the thickness or form 
of the orifice or crest of a weir may be, or area 
of the approaching channel. These will cause the 
coefficient to vary from -5 to 1 or more, and hence 
the necessity for endeavouring to reduce this portion 
of our subject to rule. 

gravity, g, must, of course, be taken in those measures with which 
the experiments were made. In the French decimal, or modem 
style, the metre is equal to d'2809 English feet, or 89*371 inches. 
The tenth part of a metre is the decimetre, and the tenth part of 
the decimetre \ the centimetre, as the names imply. Table 
XIV. contains the weights and measures in general use in Great 
Britain and. France, with their general ratios to each other. 
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OOBFFICIENTS FROK mCHELOTTl'B EZPEBIMENTS. 



Description and 
■ise of orifloe, In 

FNBOhinflhM. 


Depttiof the 
oentreofthe 

orifloesin 
French foot 


Qnmtit7 
discharged 
Incnbiefeet 


Time of 
dlsohaige 
in seconds. 


Theoretical 
time, 

from 
f- ^ 


Besnlting 
of dlsohaige. 


7-77A-V/*: 


Sqnaze orifice, 
8'X8' 


6-618 
6-852 
11-676 
11-818 
21.691 
21-715 


463-604 
566-458 
616-785 
612118 
415-437 
499-222 


600 
720 
510 
600 
300 
360 


371-3 
445-6 
311-4 
866-6 
183-7 
220*6 


•619 
•619 
*610 
-611 
-612 
•618 


Mean Talue of the coefficient ; square orifice d'' X d' *614 1 


Square orifice, 
2^X2' 


6-625 
11-426 
21-442 


329-806 
428-465 
885-388 


900 
900 
600 


594- 

580-4 

385-7 


-660 
*646 
*648 


Mean value of the coefficient ; square orifice 2* X 2" -649 


Square orifice, 
I'XI" 


6-757 
11-889 
21-507 


158-549 
163-792 
562-944 


1800 
1440 
8600 


1586- 
880-6 
2249*9 


•628 
•612 
•625 


Mean value of the coefficient; square orifice l' X l' -621 


Circular orifice, 
8« diameter 


6-694 
11-690 
21-611 


542-86 

570-972 

521-299 


900 
720 
480 


560*1 
439-6 
298-8 


*611 
•610 
•612 


Mean value of the coefficient ; circular orifice S'' diameter .. -611 1 


Circular orifice, 
2^ diameter 


6-785 
11-722 
21-903 


488-687 
589-635 
576-486 


1800 
1680 
1200 


11081 

1016-4 

726-9 


*616 
*605 
*605 


Mean value of the coefficient; circular orifice 2' diameter . . -609 1 


Circular orifice, 
1* diameter 


6-875 
11-748 
22-014 


247-354 

324-11 

444*636 


3600 
8600 
8600 


2227* 
2238- 
2237-2 


•619 
-620 
•621 


Mean value of the coefficient ; circular orifice 1^ diameter . . -620 1 



V 8 
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The experiments made by the Abbe Bossut, con- 
tained in the following table, give the mean value of 
Cj, for both circular and square orifices, equal to -616 
nearly ; and it may be perceived that, for the small 
depth in the last experiment, the coefficient rises so 
high as -649. These and other experiments led the 



COEFFICIEMTS FROM 


B08BUT8 


EXPERIMENTS. 




DeMription, posilion, and bIm of 
orifice, in French inches. 


Depth of 

fihe centre 

of the 

orifice in 
French 
Inohea. 


Number 

of French 

caUeal 

inches 

perminnte. 


Theoreiicsl 
discharge 
per ntinnte, 

D=i8i4A\/fc: 


BesQlting 
coefficients 


Horizontal and circular, }" diameter 


140-832 


2311 


3760-8 


•614 


Horizontal and circular, 1" diameter 


140-832 


9281 


15043-3 


•617 


Horizontal and circular, 2" diameter 


140-882 


87203 


601731 


•618 


Horizontal and rectangular, 1" X i" 


140-882 


2933 


4788-4 


-613 


Horizontal and square, 1" X 1" . . 


140-832 


11817 


19153-7 


•617 


Horizontal and square, 2" X 2" . . 


140-882 


47861 


76614-6 


•617 


Lateral and circular, i" diameter . . 


108- 


2018 


3293-3 


-613 


Lateral and circular, 1" diameter . . 


108- 


8130 


13173-3 


•617 


Lateral and circular, J" diameter . . 


48- 


1353 


2195-5 


•616 


Lateral and circular, 1" diameter . . 


48- 


6436 


8782-2 


•616 


Lateral and circular, 1" diameter . . 


0-6883 


628 


968- 


•649 



Abb6 to construct a table of the discharges, at dif- 
ferent depths, from a circular orifice 1 inch in dia- 
meter, from which we have determined the following 
table of coefficients. These increase, as the orifice 

COEFFICIENTB DEDUCED FROK BOSSTJT'S EXPERIMENTS. 



Heads, 
in feet 


Ooeffldents. 


Heads, 
in feet 


Coefficients. 


Heads, 
in feet 




1 
2 
3 

4 
5 


•621 
-621 
•621 
•620 
•620 


6 
7 
8 
9 
10 


-620 
•620 
•619 
-619 
•619 


11 
12 
13 
14 
15 


-619 
•618 
-618 
•618 
•617 
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approaches the surface, from -617 to -621 ; and at 
lesser depths than I foot other experiments show an 
increase in the coefficient up to -650. The experi- 
ments of Poncelet and Lesbros show, however, a 
reduction in the coefficients for square orifices S'x 8' 
as they approach the surface from '601 to -672. 

Brindley and Smeaton's experiments, with an orifice 
1 inch square placed at different depths, give a mean 

COEJFFICIENTS CALCULATED FBOU BBINDLET AND BKEATON's EXPEBIMENTB. 

1 foot head : orifice 1" x 1' : coefficient 'BSOn 

2 feet head : orifice 1* x 1* : coefficient -636 

3 feet head : orifice 1" x 1": coefficient -648 l-mean -687. 

4 feet head : orifice I'' x 1^: coefficient '633 1 

5 feet head : orifice 1" x 1*: coefficient -683^ 

6 feet head: orifice J^x J": coefficient -657 

value for c^ of '637. The last experiment, with an 
orifice only J inch by 4 inch, gives so small a coeffi- 
cient as '557 placed at a depth of 6 feet ! 

For notches 6 inches wide and from 1 to 6i inches 
deep, Brindley and Smeaton's experiments give the 
mean value of c^='637. The coefficients of discharge 

C0EFFICIBNT8 FOB NOTCHES, CALOUULTED FBOM BBINDLEY AMD SMEATOM's 
EXPEKDIENTS. 



Bfttio of tiie 
lo&r£pth. 


Siieof 

nolohM 

Ininohes. 




Batioof tiie 
tofheS«pth. 


SiMOf 

nolohM 
inindhos. 




•9atoi 


6X6} 


•688 


8-7 tol 


6Xl« 


•638 


1-07 to 1 


6X5« 


•571 


4-4 tol 


6X1| 


•654 


1-2 tol 


6X5 


•609 


4-8 tol 


6Xli 


•681 


1*93 to 1 


6X34 


•602 


6- tol 


6X1 


•718 


a-4 tol 


6 X2i* 

^ 16 


•686 


Mean value. 


•687 



* The depth is misprinted 2^ inches in the Encyclopfledias, 
the resulting coefficient for which would he -668 instead of -686 
as above, for a depth of 2^ inches. 
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for notcbes and orifices appear to di£fer as little from 
each otber as those for either do in themselves. The 
results also show a general though not uniform in- 
crease in the coefficients for smaller depths. 

Du BxxkVs experiments with notches 18-4 incites 
long, give the mean value of c^='632, which differs 
very little from the mean value determined from 
Brindley and Smeaton's experiments. 



COBFFICIENTB FOB NOTCHES, OALCUULTED FROK 


DU BUAT'8 EXPEMMEirre. 


Itattoof tiie 


sue of 
notohei 
ininchat. 


Coeffldenis. 


BirtiooftU 

length 
to the depth. 


EUxeof 
notches 
ininchee. 




2-72 to 1 
3-94 to 1 


18-4 X 6-763 
18-4 X 4-665 


•630 
•62T 


5-75 to 1 
10-3 to 1 


18-4 X 3.199 
18-4 X 1-778 


•624 
•648 



Poncelet and Lesbros' experiments give the coeffi- 
cients in the following table^ for notches 8 inches 

COEFFICISWTS FOB KOTOHES, BT PONCELET AND LE8BB0S. 



Batio of the 

lenfflh 
iothelepCh. 


fiUxeof 
notohee 
infaiehes. 


CoefBdents. 


Bfttioof the 

length 
tothelepfli. 


Gttseof 
notches 
in inches. 




•9tol 


8X9 


•577 


8-83 to 1 


8X2-4 


•601 


1 tol 


8X8 


•585 


5 tol 


8X1-6 


•611 


1-3 to 1 


8X6 


•690 


6-7 tol 


8X1-2 


•618 


2 tol 


8X4 


•592 


10 tol 


8 XO-8 


•625 


2-5 tol 


8 X 8-2 


•595 


20 tol 


8X0-4 


•636 



wide; the mean value of all the coefficients in these 
experiments is '603. Here the coefficients increase 
in every instance as the depths decrease, or as the 
ratio of the length of the notch to its depth increases. 
We shall have to refer to the valuable experiments 
made at Metz, on the discharge from differently-pro- 
portioned orifices immediately. 

Bennie's experiments for circular orifices at depths 
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COEFnCIENTS FOR CIRCULAS OBIFICES, FKOK BENKIE'B EXFERIHEN' 




HMds at the 
oentro of each 
oriftoe in feet. 


iincli 
diameter. 


ilnch 
diameter. 


linch 
dia&eter. 


linch 
diameter. 


Mean 
Talnea. 


1 


•671 


•684 


•644 


•683 


•645 


2 


•653 


•eai 


•653 


•619 


•686 


8 


•660 


•636 


•633 


•628 


•639 


4 


•663 


•626 


•614 


•584 


•631 


Means 


•661 


•639 


•635 


•616 


•635 



from 1 foot to 4 feet, and of diameters from i inch 
to 1 inch, give the following coefficients. Here the 
increase in the coefficients for lesser orifices and at 
lesser depths exhibits itself very clearly, notwithstand- 
ing a few instances to the contrary. The mean value 
of the coefficient c^ derived from the whole, is -635. 
For small rectilineal orifices the coefficients were as 
follows : — 

C0EFFICIENT8 FOR RECTANGULAR ORIFICES, FROM RENNIE'S EXPERIMENTS. 



It, 

1 ^ 



1 

3 

3 
4 

Means 



•617 
•635 
•606 
•593 
•618 



|||x 
1 sld* 



•617 
•635 
•606 
•598 
•613 




-668 
•668 
•606 
•598 
•633 



•598 
•593 




•596 
•577 
•572 
•593 

•585 



The most valuable series of experiments of which 
we are possessed are those made at Metz, by Poncelet 
and Lesbros. They were made with orifices 8 
inches wide, nearly, and of diflFerent vertical dimen- 
sions placed at various depths down to 10 feet. The 
discrepancies as to any general law in the relation of 
the different values of the coefficient of discharge c^ 



/ 
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to the size and depth of the orifice in the preceding 
experiments, have been remedied to a great extent by 
these. They give an increase of the coefficients for 
the smaller and very oblong orifices as they approach 
the surface, and a decrease under the same circum- 
stances in those for the larger square and oblong 
orifices. There are a few depths where maximum 
and minimum values are obtained : we use the terms 
"maximum and minimum values" for those which 
are greater in the one case and less in the other than 
the coefficients immediately before and after them, 
and not as being numerically the greatest or least 
values in the column. We have marked with a *, in 
the arrangement of the coefficients, Table I., these 
maximum and minimum values. The heads given in 
this table were measured to the upper side of the 
orifices, and by adding half the depth (d) to any 
particular head, we shall obtain the head at the 
centre. 

As a perceptible sinking of the surface takes 
place in heads less than from five to three times the 
depth of the orifice, the coefficients are arranged in 
pairs, the first column containing the coefficients for 
heads measured from the still water surface some 
distance back from the orifice, and the second ob- 
tained when the lesser heads, measured directly at 
the orifice, were used. A very considerable increase 
in the value of the coefficients for very oblong and 
shallow small orifices, may be perceived as they ap- 
proach the surface, and the mean value for all 
rectilinear orifices at considerable depths, seems to 
approach to -605 or -606. 
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We have shown, equation (29), that the discharge is 



D = Cd X 



1 - 



X lL\/2ghy 



96 A« 

approximately, in which expression d is the depth of 
the orifice, and h the head at its centre. Now it is 
to be observed, that it is not the value of c^ simply, 
which is given in Table I., but the value of c^ x 

, the coefficient of a \/2^A, equation (29). 



^ 96 A« 

The coefficients in the table are, therefore, less than 

the coefficients of discharge, strictly so called, by a 

c d^ 
quantity equal toA^. The value of this expression 

is in general very small, and it is easy to perceive 
from the first of the expressions in equation (31), p. 62, 
that it can never exceed 4-2 per cent.,or more correctly 
•0417 in unity. If we wish to know the discharge 
from an orifice 4 inches square = 4' x 4", with its 
centre 4 feet below the surface, which is equivalent 
to a head of 3 feet 10 inches at the upper side, we 

find from the table the value of c^ |l — og^} ==* 
•601 ; hence we shall get 



D = •eOl X A \/2gh = -601 x - x 8*025 x 2 = 
•601 x i X 16-05 = - X 9-646 = 1-072 

9 9 

cubic feet per second. In the absence of any expe- 
riments with larger orifices, we must, when they 
occur, use the coefficients given in this table ; and, 
in order to do so with judgment, it is only necessary 
to observe the relations of the sides and heads. For 
example, if the size of an orifice be 16''x4', we must 
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seek for the coeflScient in that column where the ratio 
of sides is as four to one, and if the head at the 
upper side be five times the length of the orifice, we 
shall find the coeflScient -626, which in this case is 
the same for depths measured behind, or at the 
orifice. For lesser orifices, the results obtained 
from the experiments of Michelotti and Bossut, 
pages 67 and 68, are most applicable; and also 
the coefficients of Bennie, page 71. It is almost 
needless to observe, that all these coefficients are 
only applicable to orifices in thin plates, or those 

having the outside ar- 
rises chamfered as 
in Fig. 8. Very lit- 
tle dependence can be 
placed on calculations 
of the quantities of 
water discharged from 
other orifices, unless where the coefficients have been 
already obtained by experiment or correct inference 
for them. K the inner arris next the water be 
rounded, the coefficient will be increased. 

NOTCHES AND WEIRS. 

We have already given some coefficients, pages 69 
and 70, derived from the experiments of Du Buat, 
Brindley and Smeaton, and Poncelet and Lesbros, for 
finding the discharge over notches in the sides of 
large vessels ; and it does not appear that there is 
any difference of importance between these and those 
for orifices sunk some depth below the surface, when 
the proper formula for finding the discharge for each 
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is used. If we compare Poncelet and Lesbros' co- 
eflficients for notches, page 70, with those for an 
orifice at the surface, Table I., we perceive little 
practical difference in the results, the head being 
measured back from the orifice, unless in the very 
shallow depths, and where the ratio of the length to 
the depth exceeds five to one. The depths being in 
these examples less than an inch, it is probable that 
the larger coefficients found for the orifice at the 
surface, arise from the upper edge attracting the 
fluid to it and lessening the effects of vertical con- 
traction, as well as from less lateral contraction. In- 
deed, the results obtained from experiments with 
very shallow weirs, or notches, have not been at 
all uniform, and at small depths the discharge must 
proportionably be more affected by movements of 
the air and external circumstances than when the 
depths are considerable. We shall see that in Mr. 
Blackwell's experiments the coeflBcient obtained for 
depths of 1 and 2 inches was -676 for a thin plate 3 
feet long, while for a thin plate 10 feet long it in- 
creased up to -805. 

The experiments of Castel, with weirs up to about 
30 inches long, and with variable heads of from 1 to 
8 inches, lead to the coeflScient -497 for notches ex- 
tending over one-fourth of the side of a reservoir ; 
and to the coefficient -664 when they extend for the 
whole width. For lesser widths than one-fourth, the 
coefficients decrease down to -584 ; and for those 
extending between one-third of, and the whole width, 
they increase from -600 to -665 and -680. Bidone 
finds c^ = -620, and Bytelwein c^ = -636. It will be 
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perceived from these and the foregoing results, that 
the third place of decimals in the value of c^, and 
even sometimes the second, is very uncertain ; that 
the coefficient varies with the head and ratio of the 
notch to the side in which it is placed ; and we shall 
soon show that the form and size of the weir, weir- 
basin, and approaches, still further modify its value. 

When the sides and edge of a notch increase in 
thickness, or are extended into a shoot, the coeffi- 
cients are found to reduce very considerably ; and 
for small heads, to an extent beyond what the in- 
crease of resistance, from friction alone, indicates. 
Poncelet and Lesbros found, for ari/icesy that the 
addition of a horizontal shoot, 21 inches long, re- 
duced the coefficient from -604 to -601, with a head 
of 4 feet ; but for a head of only 4i inches, the 
coefficient fell from -572 to -483, the orifice being 
S" X 8'. For notches 8 inches wide, with a hori- 
zontal shoot 9 feet 10 inches long, the coefficient fell 
from -582 to -479, for a head of 8 inches ; and from 
•622 to -340, for a head of only 1 inch. Castel found 
also, for a notch 8 inches wide with a shoot 8 inches 
long attached and inclined at an angle 4° 18', that the 
mean coefficient for heads from 2 to 4i inches was 
only -527. Little dependence can be placed on ex- 
perimental results obtained for shoots which partake 
of the nature of short pipes, and should be treated 
in like manner to find the discharge.* 

We have obtained the following table of coefficients 
from some experiments made by Mr. Ballard, on the 
river Severn, near Worcester, " with a weir 2 feet 

* Trait6 Hydrauliqtie, par D'Aubuisson, pp. 46, 94 et 95. 
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COETnCIEMTS FOB SHORT VEI&S OYEB BOABDS. 

Heads measured on the crest. 



Depths 
Ininehet. 




Depfihs 
In inches. 


Coeffldents. 


Depfihs 
In inches. 




1 


•762 


8 


•801 


5 


•783 


14 


•662 


34 


•765 


64 


•713 


14 


•673 


34 


•748 


64 


•786 


11 


•693 


81 


•740 


61 


•729 


a 


•684 


4 


•759 


6 


•727 


24 


•702 


44 


•781 


7 


•716 


24 


•756 


44 


•744 


8 


•726 


21 


•786 


4| 


•745 


Mean 


•732 



long, formed by a board standing perpendicularly 
across a trough."* The heads or depths were here 
measured on the weiry and hence the coeflBcients are 
larger than those found from heads measured back 
to the surface of still water. 

Experiments made at Chew-Magna, in Somerset- 
shire, by Messrs. Blackwell and Simpson, in 1860t, 
give the following coeflBcients. 

COEFFICIENTS DEBITED FBOK THE EXPEBIMENTB OF BLACKWELL AND SIMPSON. 



Heads 
in inches. 


Coefficients. 


Heads 
in inches. 


Coefficients. 


Heads 
in inches. 




Ito 1 

21 to 2} 
21 

^i 

21 
^% 

8to3^^ 
4 


•591 
•626 
•682 
•665 
•670 
•665 
•653 
•654 
•725 
•745 


6 


•743 
•760 
•741 
•750 
•725 
•780 
•781 
•749 
•751 
•728 


6 

8 
8to8;» 

«}: 

9 
Mean 


•749 
•748 
•747 
•772 
•717 
•802 
•787 
•750 
•781 
•728 



* Civil Engineer and Architect's Journal for 1861, p. 647. 
f Civil Engineer and Architect's Journal for 1851, pp. 64d 
and 645. 
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" The overfall bar was a cast-iron plate 2 inches 
thick, with a square top." The length of the over- 
fall was 10 feet. The heads were measured from 
still water at the side of the reservoir, and at 
some distance up in it. The area of the reservoir 
was 21 statute perches, of an irregular figure, and 
nearly 4 feet deep on an average. It was supplied 
from an upper reservoir, by a pipe 2 feet in diameter 
and of 19 feet fall ; the distance between the supply 
and the weir was about 100 feet. The width of the 



reservoir as it approached the overfall was about 60 
feet, and the plan and section. Fig. 9, of the weir 
and overfall in connection with it, will give a fair 
idea of the circumstances attending the experiments. 
For heads over 5 inches the velocity of approach to 
the weir was "perceptible to the eye," though its 
amount was not determined. We perceive that the 
coefficient (derived from two experiments) for a depth 
of 8 inches is -802, while the coefficient (derived 
from three experiments) for a depth of 78i inches is 
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•717, and for depths from 8 to 811 inches the mean 
coefficient is "743 : as all the attendant circumstances 
appear the same, these discrepancies and others must 
arise from the circumstances of the case : perhaps 
the supply, and, consequently, the velocity of ap- 
proach, was increased while making one set of ex- 
periments, without affecting the still water near the 
side where the heads appear to have been taken. 
By comparing the results with those obtained by one 
of the same experimenters, Mr. Blackwell, on the 
Kennet and Avon Canal, we shall immediately per- 
ceive that the velocity of approach, and every 
circumstance which tends to alter and modify it, 
has a very important effect on the amount of the 
discharge, and, consequently, on the coefficient. 

The experiments made by Mr. Blackwell, on the 
Kennet and Avon Canal, in 1850*, afford very valuable 
instruction, as the form and width of the crest were 
varied, and brought to agree more closely with actual 
weirs in rivers than the thin plates or boards of 
earlier experimenters. We have calculated and ar- 
ranged the coefficients in the following table from 
these experiments. The variations in the values for 
different widths of crest, other circumstances being 
the same, are very considerable ; and the differences 
in the coefficients, at depths of 5 inches and under, 
for thin plates and crests. 2 inches wide, are greater 
than mere friction can account for ; and greater also 
than the differences at the same depths between the 
coefficients for crests 2 inches thick, and 3 feet long. 

* Civil Engineer and Architect's Journal, 1861, p. 642. 
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The plan and section, Fig. 10, will give a fair idea 
of the approach to, and nature of the overfall made 




nse of in these experiments. The area of the 
reservoir was 2a. 1e. 30p., and the head was mea- 
sured from the surface of the still water in it, which 
remained unchanged between the beginning and end 
of each experiment. The width of the approach A b 
from the reservoir was about 32 feet ; the width at 
ab about 13 feet, below which the waterway widened 
suddenly, and again narrowed to the length of the 
overfall. The depth in front of the dam appears to 
have been about 3 feet ; the depth on the dam, next 
the overfall, about 2 feet ; and the depth on the sunk 
masonry in the channel of approach, about 18 inches. 
Altogether, the circumstances were such as to in- 
crease the amount of resistances between the reservoir, 
from which the head was measured, and the overfall, 
particularly for the larger heads, and we accordingly 
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gee that the coefficients become less for heads over 
six inches, with a few exceptions. The measure- 
ments of the quantities discharged appear to have 
been made very accurately, yet the discharges per 
second, with the same head and same length of over- 
fall, sometimes vary ; for instance, with the plank 
2 inches thick and 10 feet long, the discharge per 
second for 4 inches head varies from 6*098 cubic 
feet to 6-491 cubic feet, or by about one-sixteenth of 
the whole quantity. Most of the results, however, 
are means from several experiments. The quantities 
discharged varied from one-tenth of a cubic foot to 
22 cubic feet per second, and the duration of the 
experiments from 24 to 420 seconds. If we compare 
the coefficients for a plank 10 feet long and 2 inches 
thick in the foregoing table with those for the same 
overfall at Chew-Magna, we shall immediately per- 
ceive how much the form of the approaches aflfects 
the discharge. Indeed, were the area of the reser- 
voir at Chew-Magna even larger than that for the 
Kennet and Avon experiments, it would be found, 
notwithstanding, that the coefficients in the former 
would still continue the larger, though not fully 
as large as those found under the particular cir- 
cumstances.* 

* There is a very important omission in aU the preceding 
experiments on weirs and notches. In Fig. 10, for instance, it 
would have been necessary to obtain the heads at A B and a 6 in 
each experiment, above the crest, and also the head on and a few 
feet above the crest itself. These are, perhaps, best calculated by 
means of the observed velocity of approach. They would indicate 
the resistances at the different passages of approach, and enable us 
to calculate the coefficients correctly, and thereby render them 
more generally applicable to practical purposes. The coefficients 
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The following table gives the mean results of 88 
experiments made by Francis, at the Lower Lock, 
Lowell, Massachusetts, in 1862^ The duration of 
each of these experiments varied from 180 to 822 
seconds. The coefficients in column 10 have been 



10 



J 

c 

h 

u* 



^1 



111 




Hi! 



\i 



>8 



9-997 
9-997 
9-997 
7-997 
9-997 
9-995 
9-995 
9-997 
9-997 
9*995 
9-997 
9-997 
7-997 



1-55 
1-24 
1-00 
101 
1-05 
0-98 
1-00 
0-80 
0-83 
0-80 

o-ea 

0-65 
0-68 



68-6 

45*6 

33*4 

26-8 

36- 

33-6 

33-5 

33-5 

36- 

33-6 

16-3 

17-5 

14-6 



-78 
•59 
•44 
•86 
•97 
-54 
-55 
•33 
•75 
•40 
•23 
•68 
-45 



1-56 

135 

1-00 

1-03 

1-06 

0-99 

1-01 

•80 

•88 

*80 

•63 

•66 

-68 



1-66 

1-35 

100 

1^03 

1^06 

.98 

1-00 

•80 

•83 

•80 

•63 

•66 

•68 



62-6 
45-4 
83-5 
36^8 
35^8 
33-4 
83-8 
33-4 
34-8 
33-8 
16-0 
17-3 
14^6 



3^33 
3-33 
8-83 
3-36 
3-36 
3-34 
3-38 
3-33 
3^34 
3*84 
3-83 
8-38 
3-34 



-631 
-633 
-631 
•638 
-636 
-634 
-633 
•631 
•634 
•634 
-633 
•638 



calculated by ourselves, and the other results con- 
densed from the large table given in Francis' Book.* 

in the two previous tables are not as valuable as thej otiherwise 
would be from this omission. The l6vel of still t^ater near the 
banks is below that of the moving water in the current, therefore, 
heads measured from still water must give larger coefficients than 
if taken from the centre of the current. This may account, to 
some extent, for the larger coefficients in the first table, but apart 
from this, the short contracted channel imtnediatelj above the 
water-fall, Fig. 0, must increase the coefficients. 

* Lowell Hydraulic Experiments. New York, 1865. 

g8 
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The heads given in the 6th column are those which 
would give the observed discharge from the formula 

8 

As we have also equation (39) 

D = ic,/(2^)*X{(A + A.)'-A.*} 
we must, therefore, have 

the values of which are given in column 6. The 
values of h" in column 8 are those which would be 
found by resolving the equation 

n being the number of end contractions, and c a 
multiplier varying from 3*32 to 3-36. 

In this table the theoretical head ^ = 0155 vMue to 

2g 

the velocity of approach has been used and does not 

exceed -02 of a foot. We are of opinion, however, 

that the head is much greater, and should be taken 

= ^ "2 = '^^ ^2 or thereabouts. This would reduce 

the values of the coefficient of discharge c^ in the 10th 
column. The diflFerences between A, A', and A" in 
columns 3, 6, and 7 are here, practically, of little 
moment, and the value of c^ in column 10 would be 
nearly the same derived from either. The crest of 
the weir experimented upon was 1 inch thick. The 
weir measuring 10 feet x 13 inches x 1 inch, the top 
was rounded off at both arrises, leaving the central 
horizontal portion one quarter of an inch wide. 
The general result of these experiments verifies the 
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ordinary coeflBcient for notches in thin plates from 
•617 to -628 for the value of c^. 

Professor Thomson's experiments with right- 
angled triangalar notches, in thin plates, give a mean 
coefficient of -617. Vide Note p. 65. 

HBAD, AND PROM WHENCE MEASURED. 

By referring to Table I., we shall see that there 
is a difference in the coefficients as obtained from 
heads measured on or above the orifice. This dif- 
ference is greater in notches, or weirs, than in orifices 
sunk below the surface ; and when the crest of a 
weir is of some width, the depths upon it vary. In 
the Kennet and Avon experiments, the heads mea- 
sured from the surface of the water in the reservoir, 
and the depths at the "outer edge" (by which we 
understand the lower edge) of the crest were as 
follows : — 

DIFFEBENCE OP HEADS HEASUBED ON AND ABOVE WEIB8. 
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No intermediate heads are giveu^bat those registered 
point out very clearly the great diflferences which 
often exist between the heads measured on a weir, or 
notch, and those measured from the still water above 
it ; and how the form of the weir itself^ as well as 
the nature of the approaches, alters the depth pass- 
ing over. On a crest 2 feet wide, with 14i inches 
depth on the upper edge, we have found that the depth 
on the lower edge is reduced to 1 li inches, or as 1-26 to 
1. The head taken from 3 to 20 feet above the aest, 
where the plaue of the approaching water surface 
becomes curved, is that in general which is best 
suited for finding the discharge by means of the 
common coefficients, but a correct section of the 
channel and water-line, showing the different depths 
upon and for some distance abave the crest, is neces- 
sary in all experiments for determining accurately 
by calculation the value of the coefficient of dis- 
charge C4. 

Du Bu&t, finding the theoretical expression for the 
discharge through an ori&ee of half the depth hy 

■. = iv/5?x/|**-(^)*l, 

equation (6) 

to agree pretty closely with his experiments, seems 

to have assumed that the head h is reduced to ^ in 

passing over. This is a reduction, however, which 
never takes place unless with a wide crest and at its 
lower edge, or where the head h is measured at a 
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considerable distance above the weir, and when a 
loss of head due to the distance and obstructions in 
channel takes place. When there is a clear weir 
basin immediately above the weir, we have found 
that, putting h for the head measured from the sur- 
face in the weir basin, and A^ for the depth on the 
upper edge of the weir, that 
(32.) h-K = 'U\/h, 

for measures in feet, and 
(33.) A-A^ = -48v^, 

for measures in inches. The comparative values of 
h and h^ depend, however, a good deal on the par- 
ticular circumstances of the case. Dr. Robinson 
found* Am 1-111 A^, when h was about 5 inches. 
The expressions we have given are founded on the 
hypothesis, that A — A^ is as the velocity of discharge, 
or as the \/A nearly. For small depths, there is a 
practical diflBculty in measuring with sufficient accu- 
racy the relative values of A and A^ Unless for 
very small heads the sinking will be found in general 

to vary from -^ to j, and in practice it will always 

be useful to observe the depths on the weir as well 
as the heads for some distances (and particularly 
where the widths contract) above it. 

In order to convey to our readers a more definite 
idea of the diflFerences between the coefficients for 
heads measured at the weir, or notch, and at some 
distance above it, we shall assume the diflFerence of 

the heads A — A^ = — ; then ^_\ =r, and-= j^ ^ y 
* Proceedings of tihe Royal Irish Academy, vol. iv. p. 213. 
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r -4- 1 r 

hence h = ~ h^ and A^ = — r-^h. 
r r + 1 

Now the discharge may be considered as that 

which wonld take place through an orifice whose 

depth is A^ with a head over the upper edge equal to 



is equal to 



A — A^ = -!^; hence from equation (6) the discharge 
r 



and substituting for A* its value ( '—^ A^) , we shall 
find the value of 

(34.) D = ^/A,v/2il,Xc,{(l + i/-(^/). 
As the value of the discharge would be expressed by 

if the head A— A^ were neglected, it is evident the 
coefficient is increased, under the circumstances^ 
from c^ to 

or, more correctly, the common formula has to be 
multiplied by ( 1 + i)*-(i)^ to find the true dis- 
charge, and the value of this expression for different 

values of - = 

r 

suppose that 
h- 

aud we find from the table (1 + i )*-(-/ = 1-1221. 



values of - = w will be found in Tabus IV. If we 



h-K^YQ' t^«^r=ro = '*' 
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Now if we take the value of c^ for the full head h to 
be -628, we shall find 1-1221 x -628 =-705, rejecting 
the latter figures^ for the coefKcient when the head is 

measured at the orifice ; and if - = yq = w, we should 

find in the same manner the new coefficient to be 
1-2251 X -628 = -769 nearly. The increase of the 
coeflBcients determined, page 77, from Mr. Ballard's 
experiments is, therefore, evident from principle, as 
the heads were taken at the notch; and it is also 
pretty clear that, in order to determine the true dis* 
charge^ the heads both on^ at^ and above a weir should 
he taken. Most of the discrepancies in the coefficients 
determined from experiment have arisen from imper- 
fect and limited observations of the facts. Amongst 
these the velocity of approach should never be 
neglected by observers, as its eflFect on the discharge 
is often considerable in increasing the quantity. The 
effect of the form of the weir and approaches is 
scarcely ever sufficiently considered by professional 
men. Most of the discussions which arose with 
reference to the gaugings on the Metropolitan Main 
Drainage Question would have been obviated if the 
calculators, or engineers, had taken into account the 
different circumstances attendant on it, instead of 
applying generally a formula suited to a particular 
case, namely, a thin crest, a small notch, and a large 
body of water immediately above it ; and applied a 
correct formula for finding the effects of the velocity 
of approach. 

The two following tables have been reduced to 
English measures of feet, from Boileau's experiments ; 
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they show the relation of the head to the depth on 
the crest at the upper arris. The coefficient for the 
head h being known, we may, from our equation (34), 
calculate that due to h^ on the weir. 

Table showing the ratio of the head, h, to the depths h^, on a Plank 
Weir of the full width of the Channel, immediately at the upper 

h 
edge, or r-, see equation (33), when the sheet of water is free 

after passing over, with air under it. 





Yaluetof the h«ad hdlTided bj the thlckneM of the sheet of water | 


ftet 


- 12 between heade of 3 and 14 Inches 


averagejj-^-g 


Height of weir 

Id feet, 

•86'. 


Height of weir 

Infcet, 

1-07'. 


Hdehtofwelr 
Li feet, 
1-38'. 


Height of weir 
In feet, 
1-71'. 


'1 


1-889 


.. 


, , 


1-286 


•18 


1-282 




1-320 


1-260 


•16 


1-260 




1-285 


1-228 


•20 


1-234 


1-248 


1-249 


1-214 


•28 


1-228 


1-232 


1-281 


1-205 


•26 


1-216 


1-282 


1-228 


1-200 


•8 


1-212 


1-228 


1-218 


1-199 


•88 


1-210 


1^225 


1-217 


1-199 


•89 


1-206 


1221 


1-112 


1-197 


•46 


1-202 


1-216 


1-206 


. • 


•58 


1-199 




1-201 




■69 


1^196 




1-195 


.. 


•66 


1-192 




1-191 


.. 


•82 


1-186 






.. 


•99 


1-184 




.. 


.. 


115 


1182 






•• 



If we were to use the head h^ instead of A, to cal- 
culate the discharge, when ^ = 1-2, then a coefficient 
of -628 for the head h would become -769 for the 
head h^ in equation (34) : for -=-2, and, therefore, 
TableIV.,-628x(1-2)*-(-2)*= •628x1-2261 =-769. 
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Table showing the ratio j—, equation (33), when the sheet of water 

passing over is in contact with the crest and with the water im- 
mediately below a Plank Weir. 





YalQM of jAftv dURDKnt hdfhti of wdn and for dlArent 




headf : mMm tbIiw ft>r hesdi between 3 i 


ind 14 inches, eqoal 


Hold A 
inflwt. 


|-i«. 




Helffht of weir 
m feet. 


Heiffbtofweir 

In feet, 

1-1'. 


Heiebtof weir 
in feet. 


•48 




1-283 




•46 




1-275 


1-291 


•49 


1-266 


1-266 


1-281 


•58 


1-250 


1^258 


1-271 


•69 


l-3d6 


1-245 


1-254 


•ee 


1^225 


1-232 


1-241 


•78 


1^216 


1*228 




•79 


1-208 


1-216 




•86 


1^202 


1-208 




•99 


1^198 


1*208 




•99 


•• 


1-198 





If we were to nee the head h^ instead of h to cal- 

h 
culate the discharge, when r- = 125, then a coefiB- 

cient of *628 for the head h would become '799 for 
the head h^ in equation (34) : for - = -26 ; and, 

19 *1 9 

therefore, the valueof c^ ((l + -) - (-)), Table IV., 

is •628.x (1-26)* - (-25)^ = 628 x 1-2725 « -799 : 
and so on we may calculate the value of the coeffi- 
cient to be applied to the depth k^ on the weir, for 
any other ratios between h and k^ by means of 
equation (34). 
Boilean made some valuable experiments at Metz, 
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which were published in 1854. They give the fol- 
lowing results for vertical plank weirs extending from 
side to side of the channel, when the water passed 
over without adhering to the crest : — 

Height of weir over hot- 



woir over uou- 
annel in feet. 


Head above. 


Mean coefficient. 


3- 


•2 to 1-6 


•645 


1-3 


•16 to -5 


•622 


•6 


•15 to ^25 


•625 



Head above. 


Mean coefficient. 


1- to 1-6 


•694 


•6 to 1-8 


•690 


•36 to 1^3 


•676 



When the water passing over was joined to the crest, 
and no air between the sheet passing over and the 
water below the weir, the experiments gave 

Height of weir over bot- 
tom of channel in feet. 

2- 

1-3 
•6 

When the plank weir leant up-stream 4 inches to a 
foot, the mean value of c^ was -620, the height of 
weir being 1-5 foot, and with heads from -23 to -5 
foot. When its crest was rounded to a semi-cylin- 
der, the coefficient was, with a head of -26 foot, -696, 
and with a head of -52 foot, -843 ; the water adhering 
to the crest. With a head of -6 foot the coefficient 
was -867, and with a head of -85 foot, -840, when the 
water passed over without air between it and the 
water below the crest. The following tables give the 
experimental and reduced coefficients for vertical 
plank weirs of different heights, and with different 
heads, when the water passes over in a full sheet, and 
also when it is joined to the crest and lower water. Also 
for plank weirs suitable for sluices, leaning up-stream 
with a slope of one-third horizontal to one vertical. 
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Coefficients of Vettkal Plank Weirs at right angles to the Channel, 
when the edge is chamfered at the lower airis, and when the head 
passing over is in contact tcith the water at and below the Weir; or 
when the water immediately below the Weir rises to the crest. The 
maximum coefficient -733 appears to obtain when the height of 
the Weir is double the depth passing over the crest. 



.s 


Heights of weirs, iD 


feet, over the bottom of the 


channel, and 


.9 


rfS^ 


corresponding values of the coefficient of 


discharge c^ in the 


rfS^ 


r 






formula v » c^ X } v 2 \ 


9h. 




1^ 


•66' 


•82' 


•99' 


115' 


1-82' 


1-48' 


1-66' 


1-81' 


1^98' 


•30 


•727 














.. 




•80 


•88 


•724 




















•83 


•36 


•721 




















•86 


•39 


•718 




[[ 
















•89 


•43 


•714 




















•43 


•46 


•709 




















•46 


•49 


•702 


•708 


•7i6 


•724 














•49 


•63 


•604 


•609 


•708 


•718 














•63 


•66 


•687 


•693 


•700 


•712 


•729 












•66 


•69 


•679 


•687 


•694 


•706 


•721 












•69 


•63 


•676 


•682 


•689 


•700 


•717 












•63 


•66 


•672 


•678 


•684 


•696 


•714 












•66 


•73 


•667 


•672 


•678 


•690 


•708 


•788 










•78 


•79 


•661 


•666 


•673 


•686 


•705 


•729 










•79 


•86 


•666 


•660 


•669 


•681 


•700 


•724 










•86 


•98 


•648 


•656 


•666 


•678 


•699 


•720 










•92 


•99 


•640 


•652 


•666 


•678 


•693 


•703 


•7i2 


•720 


•729 


•99 


1-06 


•631 


•646 


•667 


•669 


^81 


•691 


•702 


•711 


•720 


1-05 


i^ia 


•627 


•636 


•646 


•667 


•667 


•679 


•690 


•700 


•711 


112 


1-19 


•626 


•636 


•646 


•657 


•666 


•675 


•685 


•694 


•703 


1^19 


1-26 


•626 


•636 


•646 


•667 


•666 


•676 


•682 


•690 


•696 


1^26 


1-33 


•626 


•636 


•646 


•657 


•666 


•673 


•679 


•686 


•691 


1-32 


1-39 










•666 


•672 


•678 


•682 


•684 


1^89 


1^45 










•664 


•6T0 


•676 


•679 


•684 


145 


163 










•661 


•667 


•672 


•676 


•681 


162 


1-68 










•668 


•663 


•669 


•672 


•675 


1-68 


166 










•656 


•658 


•663 


•666 


•667 


1-65 



fe«t f«et 


DKt 


ftet 


t»et 


ftet 


feet 


•88 100 


M6 


1-82 


V4S 


1-66 


200 



The following table gives the result of experiments 
on chamfered plank weirs, for gauging, extending 
across a channel at right angles to it, when the back- 
water below was joined to the head-water at passing 
over, and when there was no air between : — 

Height of weir over the hot- 1 feet 

tom of the channel below. . . J '66 
Heads passing over the weir in ^ 

each case, when absorbed *at V ^28 

the crest into the back-water j 

• which shows that the head was drowned {not/Se) when 
the depth of the lower channel below the crest of the 
weir was less than 2i times the head passing over, 
taking a general average. 
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Table of Experimental Coefficients for Plank Weirs leaning up- 
stream, when the crest hcu the down-stream arris rounded to a 
quadrant; and when the crest ie cylindrical and projecting up- 
stream in the form of a knob. 





Plank weir leonlnfr np-stxennia 
one-Uilrd to om*; the lower arris 


third to onCf the crest rounded and 


n^^ 


or ere«t rounded off to a quadrant 
6t a circle with a radio* the ftill 
thleknesv of Ihe plank. 


projecting In front beyond the 
plank, so as to be thicker than IL 


--.. . ^; - Water In contact 


Water In contact 


Water In contact 




Water free firom 


with curve of 


with curve of 


with curve of 




carve of creet 


crest '17 foot 


crest -9 foot 


crest -S foot 




■IS foot thick. 


thick. 


thick. 


thick. 


•16 


•689 


•651 




.. 


•30 


•689 


•673 




, , 


•23 


•694 


•697 




, . 


•36 


•613 


•697 




, , 


•80 


•633 


•721 




•670 


•83 


•643 


•747 


•604 


•686 


•36 


•649 


•766 


•635 


•700 


•39 


•655 


•768 


•648 


•714 


•43 


•661 


•795 


'669 


•737 


•46 


•667 


•803 


•687 


•741 


•49 


•675 




•703 


•753 


•63 


•679 




•716 


•765 


•56 


•685 




•729 


•775 


•59 






•741 


•786 


•63 






•758 


•795 


•66 






•763 


•803 


•69 








•808 


•73 








•813 



The effect of the form of the crest in increasing 
the coeflBcients is distinctly observable in this Table, 
although the weirs experimented on overhung the 
water above, between the crest and the bottom of 
the channel. 

We must protest against the notation adopted by 
Boileau and Morin, of giving only two-thirds of the 
coeflftcient of discharge, c^, for weirs, instead of the 
full and true value. The correct formula for the dis- 
charge from a wein is d = - /A \/Tgh. Now they 
assume a coefficient due to an incorrect formula d = 

. 2 

Ih y/1gh^ which reduces c^ to - c^ to give the same 

final results. This leads also to an unnecessary dis- 
tinction between the coefficients of orifices at the 
surface, or notches, and orifices sunk to some depth, 
which, practically, have the same, or nearly the same, 
general value. 
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SECTION IV. 

VARIATIONS IN THE 00EPPICIBNT8 FROM THE POSITION OF 
THE ORIFICE. — GENERAL AND PARTIAL CONTRACTION. — 
VELOCITY OP APPROACH. — PRACTICAL FORMULiB FOR THE 
DISCHARGE OVER WEIRS AND NOTCHES. — CENTRAL AND 
MEAN VELOCITIES. f 

A glance at Table I. will show us that the coeffi- 
cients increase as the orifices approach the surface, 
to a certain depth dependent on the ratio of the sides, 
and that this increase increases with the ratio of the 
length to the depth : some experimenters have found 
the increase to continue uninterrupted for all orifices 
up to the surface, but this seems to hold only for 
depths taken at or near the orifice when it is square 
or nearly so : it has also been found that the co- 
eflBcient increases as the orifice approaches to the 
sides or bottom of a vessel: as the contraction 
becomes imperfect the coeflBcient increases. These 
facts probably arise from the velocity of approach 
being more direct and concentrated under the re- 
spective circumstances. The lateral orifices a, b, c, 
D, E, F, G, H, I, and K, Fig. 11, have coefl5cients dif- 
fering more or less from each other. The coeflBcient 
for A is found to be larger than either of those for 
B, c, B, or D ; that for g or k larger than that 
for H or I ; that for h larger than that for i ; and 
that for F, where the contraction is general, least of 
all. The contraction of the fluid on entering the 
orifice f removed from the bottom and sides is com- 
plete; it is termed, therefore, ^^ general contraction ;^^ 
that at the orifices a, e, g, h, i, k, and d, is inter- 
fered with by the sides ; it is therefore incomplete, 
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and termed ^^ partial contraction.'* The increase in 
the coefficients for the same-sized orifices at the same 




mean depths may be assumed as proportionate to 
the length of the perimeter at which the contraction 
is partial, or from which the lateral flow is shut off ; 
for example, the increase for the orifice g is to that 
for H as erf -{-de : de; and in the same manner the 
increase for g is to that for e 2iS cd + de : cd. If 
we put n for the ratio of the contracted portion cde 
to the entire perimeter, and, as before, c^ for the 
coefficient of general contraction, we shall find the 
coefficient of partial contraction to be equal to 
(35.) Cd + -09 w =z Cd + -1 w nearly, 

for rectangular orifices. The value of the second 
term -09 n is derived from various experiments. If 
we assume -617 for the mean value of c^ we may 
change the expression into the form (1 + •146w)Cd. 
When w = ^, this becomes 1-036 c^ ; when n = |, it 
becomes 1073 c^ ; and when n =: f , contraction is 
prevented for three-fourths of the perimeter, and the 
coefficient for partial contraction becomes 1*109 Cd. 
The form which we have given equation (35) is, 
however, the simplest ; but the value of n must not 
exceed f . If in this case c^ = -617, the coefficient 



Digitized by VjOOQ iC 



98 THE DISCHABaE OF WATER FROM 

for partial contraction becomes •617 + -09 x f = 
•617 + -067 = -684 Bidone's experiments give for 
the coefficient of partial contraction (1 + •152 n)c4 ; 
and Weisbach's (1 + '132 n) c^. 

VARIATION IN THB COEFFICIENTS FROM THE EFFECTS OF 
THE VELOCITY OF APPROACH. 

Heretofore we have generally supposed the water in 
the vessel to be almost still, its surface level un- 
changed, and the vessel consequently large compared 
with the area of the orifice. When the water flows to 
the orifice with a perceptible velocity, the contracted 
vein and the discharge are both found to be in- 
creased, other circumstances being the same. If the 
area of the vessel or channel in front exceed thirty 
times that of the orifice, the discharge wiU not be 
perceptibly increased by the induced velocity in the 
conduit; but for lesser areas of the approaching 
channel corrections due to the velocity of approach 
become necessary. It is clear that this velocity 
may arise from either a surface inclination in the 
channel, an increase of head, or a small channel of 
approach. 

We get equation (6) for the discharge from a 
rectangular orifice a, Fig. 12, of the length /, with a 
head measured from still water 

in which h^ and h^ are measured to the surface at some 
distance back from the orifice, as shown in the section. 
The water here, however, must move along the channel 
towards the orifice with considerable velocity. If a 
be the area of the orifice, and c the area of the 
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cliannely ^e may suppose with tolerable accuracy that 



this velocity is equal to -v^^ in which v^ represents 

the mean velocity in the orifice. If we also represent 
by v^ the velocity of approach, we get the equation 

(36.) t;, = ^Xt;^ 

and consequently the theoretical height (AJ due to 
it is 

(37.) A. = :^ X ^ = ^155^ in feet measures.* 

The height h^ may be considered as an increase of 
head, converting h^ into A^ + A^, and h^ into h^ + A.. 
The discharge therefore now becomes 
(38.) j>=^Jk/2^Uk + K)\ — {K^K)\]; 

which, for notches or weirs, is reduced to 

^ When the approaching velocitjpasses through the orifice without 
contraction, it is evident that the head \ required to produce that 

velocity, in the orifice with contraction, must heh^=s ^ x ^ • 

instead of ^, = qj x g^, in which case equation (40) becomes 

^« = 7^ X n — 3" lu like manner we must have h^ = o * q^ 

ss '04 vl in feet measures when v^, is the velocity of approach 
and Cd = '617. 

h8 
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(39.) D =^cjx/2^{{h, + Aj'r-Al},* 

as ht then vanishes. As d is also equa to a X Vo, 

equation (37) may be changed into 

D* 1 D*. ^ 

(40.) A. = -5 X — = -0155 -oin feet measures. 

^ ^ ^ Cr 2ff C 

If this value for h^ be substituted in equations (38) 
and (39), the resulting equations will be of a high 
order and do not admit of a direct solution ; and in 
(38) and (39), as they stand, h^ involves implicitly 
the value of d, which we are seeking for. By find- 
ing at first an approximate value for the velocity of 
approach, the height h^ due to it can be easily found, 
equation (37) ; this height, substituted in equation 
(38) or (39), will give a closer value of d, from 
which again a more correct value of A. can be de- 
termined ; and by repeating the operation the values 
of D and h^ can be had to any degree of accuracy. 
In general the values found at the second operation 
will be sufficiently correct for all practical purposes. 
It has been already observed that, for orifices, it is 
advisable to find the discharge from a formula in 
which only one head, that at the centre, is made use 
of; and though Table IV., as we shall show, enables 
US to calculate the discharge with facility from either 
formula, it will be of use to reduce equation (38) to 

* The formula for the discharge over weirs, taking into account 
the velocity of approach, d = 3-95 c^ l^J h ^ -115 rj, given by 
D'Aubuisson, Traite Hydraulique, seconde Edition, pp. 78 et 96, 
and adopted by some English writers and engineers, is incor- 
r ect in principl e. In feet measures it becomes d = 6-36 c^lkx 
h/h •\- '03494 rj, which form, — with alterations in the numerals 
and measures, — was used for calculating discharges of sewers 
during the Metropolitan Main Drainage discussion. 
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a form in which only the head {h) at the centre 
is used. The error in so doing can never exceed six 
per cent., even at small depths, equation (31), and 
this is more than balanced by the observed increase 
in the coefficients for smaller heads. 

The formula for the discharge from an orifice, A, 
being the head at the centre, is 

D=Cd\/2^AXA; 
and when the additional head h^ due to the velocity 
of approach is considered, 

Dizc^s/^g (A+AJXA, 
which may be changed into 

(41.) D=A^/27Axc,(l+^-)*. 

Equation (39), for notches, may be also changed to 
the form 

(42.) d=1as/27A.Xc,((i+^)*_(|>); 

this is similar in every way to the equation 

(43.) d=|av/2^Xo,((1+|)*-(|)*), 

for the discharge from a rectangular orifice whose 
depth is rf, with the head At, at the upper edge. 

Table III. contains the values of 1 1 + ~ | in equation 

(41), and Table IV. the values of (l+^)*-(^;/ 
in equation (42), or the similar expression in (43), 
7^ or ^ being put equal to n; and we perceive that 
the effect of the velocity of approach is such as to in- 

th i 
1+T^l for orifices 
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sunk some distance below the surface, and into 

for weirs when h^ is the height due to the velocity of 
approach, h the depth of the centre of the orifice, 
and At the head on the weir. A few examples, show- 
ing the application of the formulae (41), (42), and 
(43), and the application of Tables I., II., III., and 
IV. to them, will be of use. We shall suppose, for 
the present, the velocity of approach v^ to be given, 
and no extra head be required to maintain it through 

the orifice : in other words when ^>= o ^ ^956^ 
= '017 t?J in feet measures nearly* 

Example I. A rectangtdar orifice^ 12 inches wide 
by 4 inches deqpy has its centte placed 4 feet below the 
sufface, and the water approaches the head with a 
velocity of 28 inches per second i what is the dis" 
charged For an orifice of the given proportions, 
and sunk to a depth nearly four times its length, we 
shall find from Table I. 

c,= ^?l!l±:??I ==-621 nearly. 

As the coeflScient of velocity, equation (2), for water 
flowing in a channel is about *956, we shaU find, 
column No. 3, Table II. the height A.=1J=1-125 
inch nearly, corresponding to the velocity 28 inches. 
Equation (41), 

DzrA%/27^xc,(l+^*)* 

now becomes 

D=12 xW^ghy. -621 {l+^-^)* 
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We also find\/2^A=:192-6 inches when A = 48 
inches, Table II. ; therefore 

D=12x4xl92-6x-62l(l+— 1* 

=9244-8x-621{lH-'0234}*zz9244-8x-621x 1-0116, 
(aa {10234}*=1-0116 from Table IIL)=9244-8x 
•628 nearly = 5805-7 cubic inches=3'36 cubic feet 
per second. Or thus: The value of -621 x (1*0234) 
being found equal -628, D= AX -628 \/2^x48. Now 
for the coefficient -628, and A =48 inches. Table II. 
gives us •628v/25r x 48 =120-96 inches; hence we 
get D=12 x4xl20-96=5806-08 cubic inches=3-36 
cubic feet, the same as before, the diflFerence -38 in 
the cubic inches being of no practical value. If we 

find h^ from the formula h^ = 0-^3 =2*6 inches, then 

we shall get d=3-41 cubic feet nearly. 

If the centre of the orifice were within I foot of 
the surface, the effect of the velocity of approach 
would be much greater ; for then 

c^ X (1 + ^f = (from Table I) -623(1 + i^)* 

= (from Table III.) -623 x 1-047 = -652 instead of 
•628. In this case the discharge is d = 12 x 4 x '662 
y/2g X 12 = 12 X 4 X -652 x 96-3 (from Table II.) 
= 12 X 4 X 62-8 = 3014-4 cubic inches = 1-744 
cubic feet per second. Or we may find the value of 
•652 s/2gh directly from Table IL thus : 
The value of -628 s /2g x 12 = 60-48 -628 
The value of -666 \/2g x 12 = 6414 -662 

~38 \ ^3^::^4:2-31. 

Hence -.652 s/Tgh = 60-48 + 2-31 = 62-79, and the • 
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discharge = 12 x 4 x 62-79 x 3013-92 cubic inches 
= 1-744 cubic feet per second, the same as before. 

If we take A.= 2-^=2*6 inches, we shall find d = 

1-833 cubic feet nearly. 

Example II. A rectangtdar notch, 1 feet Icmg, has 
a head of 8 iriches measured at about 4 feet above the 
orifice, and the water approaches the head with a 
velocity of 16J inches per second; what is the dis- 
charge ? For a still head we shall assume c^ = -628 
in this case, and we have from equation (42) 

As in the last example, we shall find from Table IL 
(A J the height due to the velocity of approach (16^ 

Q 

inches) to be - = 0-375 inch, assuming the coefficient 

of velocity to be -956. We have, therefore, h^ — 
-375, At = 8, Cd =z -628, and A = 7 x 12 X 8, or for 

measures in feet -r = '047, Ak = -> and a = 7 x - J 
hence 

R = I X 7 X |v^2^ X \ X '628{(l-047)^-(-047)*)- 

The value of (1-047)* - (-047)* will be found from 

Table IV. equal to 1-0612 ; the value of ^2g x \ 

will be found from Table II. equal to 6552, viz. by 
dividing the velocity 78-630, to be found opposite 8 
inches, by 12 ; hence 

D = 7X7X7X 6-552 X -628 X 1-0612 
= 7 X 7 X 4-368 X -628 x 10612 
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= - X 7 X 4-368 X -666 nearly 
=' - X 7 X 2-909 = 7 X 1-939 

3 

= 13-573 cubic feet per second = 814-38 cubic feet 
per minute. Or thus: From Table VI. we find, 
when the coefficient is -628, the discharge from a 
weir 1 foot long, with a head of 8 inches, to be 
109-731 cubic feet per minute. The discharge for 

a weir 7 feet long, when -^ = -047 is therefore 

109-731 X 7 X 1-0612 = 816-12 cubic feet per 
minute. The difference between this value and that 
before found, 81438 cubic feet is immaterial, and has 
arisen from not continuing all the products to a suffi- 

cient number of places of decimals. Ith^zz^—^zz -87 

inch, then d = 14-51 cubic feet per second nearly. 

We have, in equations (36) and (37), pointed out 
the relations between the channel, orifice, velocity of 
approach, and velocity in the orifice, viz. 

(neglecting, for the present, the coefficient of velocity 
in passing through the orifice). As v^ is the actual 

V 

velocity in the orifice, ~ must be the theoretical 
velocity due to the head h+ h^ and therefore 

K_ 1 ^t^ _ cgA' . !^_o» 

A - 33337 - ^T^ - C« - <^ A** ^**' t^ - A^ 



IS- 
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We have hence 

(44) A*_ cJA« 



substituting this value in equations (41) and (42), 
there results 

i) = A%/2^XCa{l +^^)*or, 



(46.) 



b = A y/2ffTi X ^^» 

(1-1)* 



in which m = ^, for the discharge from an orifice at 
some diepth, and for the discharge from a weir, 
(46.) »=jAv''5p;xc.{(l+^)'-(5^)')- 
The two last equations give the discharge when the 
ratio of the channel to the orifice ~ = m is known^ 

and also when the whole quantity of water passing 
through the orifice, that due to the velocity/ of approach 
as weH as that due to the pressure^ suffers a contrac- 

Hon whose coefficient is c^. When A. = ^ — zr^9 that 

is when the velocity of approach v^ passes through 
the orifice without contraction, we shall get 

h - vi-vl^^^^ -^ m!" - r 
consequently, in this case, equation (45) becomes 

(45a.) r>:=:±\/2jhxc^x{l+:^^r^] ; 
and equation (46) in like manner changes into 
(46a.)i>='-Av/2p;xc,x {(l+^)*-"(^)*). 
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!rh6 last tnetib^rd of these two equations are the 

same as the like members in (46) and (46), when 

c^ within the brackets = 1 ; consequently we shall 

easily find their values for the coefficient 1 in the 

last page of Table V., for the respective values of 

c *A 1 

in = - 2 and also for those of t^ = -s — t* When 

A ' Afc W* — 1 

dd = ly equation (45) may be changi^d into 

2ffh 



nsA 



i\« 



1-© 



This is the equation of Daniel Bbmbulli, and only A 
particular case of the one we have given. 

Ifweputn = ^nr;^th«valuesof(l+^:^[ , 

and of jl + ^^arfr^j) - (^Tir^) , respectively, can 

be easily had from Tables HI. and IV. We have, 
however, calculated Table V. for diflferent ratios of 
the channel to the orifice, and for different values 
of the coefficient of discharge. This table gives at 
once the values of 

as new coefficients, and the corresponding value of 

/LI A* 

* V^en r =■ ^cn"* dTirX*^® "^^ ""^^^ ^ Exahpus EL 

8 8 

^ - 11 and (l + jS) - s 1188, Table IV., (or 
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It is equally applicable, therefore, to equations (41)* 
and (42) as to equations (45) and (46). For in- 
stance, we find here at once the value of 628 
{(l'047)l — (-047)*} in Example II., p. 104, equal 

to -666, as 77 = '047, and the next value to it for 

the coeflficient -628, in the table, is -046, opposite 
to which we find -666, the new coefficient sought. 
The sectional area of the channel in this case, as 
appears from the first column, must be about three 
times that of the weir or notch. 

Table V. is calculated from coefficients, c^, in still 
water, which vary from -550 to 1. Those from -606 
to -650, and the mean value '628 are most suited for 
application in practice. When the channel is equal 
to the orifice, the supply must equal the discharge, 
and for open channels, with the mean coefficient 
•628, we find, accordingly, from the table, the new 
coefficient 1-002 for weirs ; or 1 very nearly as it 
should be. We also find, in the same case, viz. when 
A =: c, and c^ = -628, that for f 
short tubes. Fig. 13, the re- 
sulting new coefficient be- 
comes -807. This, as we 
shall afterwards see, agrees It 
very closely with the experimental results. When 
the coefficients in still water are less than *628, or 
more correctly •62725, the orifice, according to our 

Table V. for the coefficient 1.) Hence in this ease '638 x 
1'133 = '712 the new coefficient suited to the velocity of 

vl 
approach. Here of course h^ = oT?" (^® ^^*® P* ®®)' 
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formnla, cannot equal the channel unless other re- 
sistances take place — as from friction in tubes longer 
than one and a half or two diameters, or in wide 
crested weirs ; and for greater coefficients the junc- 
tion of the short tube with the vessel must be 
rounded, Fig. 14, on one or 
more sides ; and in weirs or 
notches the approaches must 
slope from the crest and ends 
to the bottom and sides, and 
the overfall be sudden. The L 
converging form of the approaches must, however, 
increase the velocity of approach ; and therefore 

v^ is greater than - X v© when c is measured between 
c 

r and R o. Fig. 14, to find the discharge, or new 
coefficient of an orifice placed at r o. 

As the coefficients in Table V. are suited for 
orifices at the end of short cylindrical or prismatic 
tubes at right angles to the sides or bottom of a 
cistern, a correction is required when the junction is 
rounded oflF as at r o r o. Fig. 14. When the chan- 
nel is equal to the orifice, the new coefficient in 
equation (45) becomes 

The velocity in the short tube Fig. 14 is to that in 

f 1 )* 
the short tube Fig. 13 as 1 to c^ \ i— c^ \ nearly, or 

for the mean value c^ = -628, as 1 to -807. Now, as 

c v 

~ is assumed equal to - in the cylindrical or pris- 
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matic tube, Fig. 13, — - — zz- in the tube Fig. 14 

V 

with the rounded junction, for v^ becomes Tg^; hence, 

in order to find the discharge from orifices at the end of 
the short tube, Fig. W, we have only to multiply the 

members representing the ratio - in the first column. 

Table V., by ^807, or more generally by c^ {■^_^ / > 
and find the coefficient opposite to the product. 
Thus if 0^ = '628, we find, when ~ = l»gd{ j|^_^a } 

= '807 in the table. If, again, we suppose t = 3, 

then 3 x -807 = 2-421, the value of - for the tube 

Fig. 14, and opposite this value of -, taken in column 

1, we shall find -661 for the new coefficient. For the 
cylindrical or prismatic tube. Fig. 13, the new coeffi- 
cient would be only -642. When the head K is how- 

ever equal to 2^ '^^ results must be modified 
accordingly (see Note p. 99).* 

* Professor Rankine gives the value of the coefficient of dis* 
charge, or contraction, for varying values of a and at a diaphragm 
in a pipe by the formula 

_ '618 

When- = o, <?4 = 1; and when - = 1, c^ = -618 ; as it should be 

very nearly for an orifice in a thin plate, to which only, and to ▲» in 
the short tube, Fig. 14, the formula is suited (see Section X). 
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PRAOTJCAL rOKMUL^B FOB THE D][SCHARaB OVER WEIRS. 

In order to reduce the preceding formnlsd for 
weirs and notchea to some of the forms in common 
use, with definite combined numerical coefficients, 
by substituting 8-026 for \/2y, equation (39) be» 
comes for feet measures 

(A,) D.=5-36 c, / {(A,f A.)*-A.*}, 
and for inch measures, as \/2y = 27-8, the dig- 
charge, taken also in cubic feet, becomes 

(B.) D. = -01072 c^ I {(A, - h,)j - hjf}' 
When the length / is taken in feet and the depth in 
inches, we shall have 

(C.) D.= -1287c,/{(A,-A0*-A.*}- 
The three last equations being for seconds of time, 
we shall get, when the time is taken in minutes for 
feet measures, the discharge in cubic feet 

(D.) D, = 321c,/{(A, + A0*-Aj}; 
for inch measures 

(E.) D, = -6433c,/{(A, + AJ*->i.*}; 
and for lengths (I) in feet and depths in inches 

(F.) D, = 7-72c,/{(A, + AJ*-A.*}. 

The latter equation, when the coefficient of discharge, 
Cd, is taken at -614 becomes 

fD.=4-74 / {(A,+A.)*-A.*}, and 
(G.) . D = 4-74 / h^, when the velocity of ap- 
^ proach vanishes. 

For a coefficient of -617 
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(H.) 



(I.) 



(K.) 



(L.) 



(M.) 



(N.) 



D. = 4-76 / {(Ak + AJ)*-A.*}' and 
D = 4-76 I h^ when the velocity of ap- 
proach vanishes. 
For a coefficient of -623 

D.=4-81 1 {(A» + AO*-A.*}' and 
" D= 4'81 / h^ with no perceptible approach. 

For a coefficient of '628 

D.=4-85 / {(A»-|-A.)^-A.*}' and 
D=4'85 I h^ with no perceptible approach. 

For a coefficient of -648 

D. = 5 / {{K+Kf-K^' and 

D = 5 Ih^ with no perceptible approach. 

For a coefficient of | or -667 

D.=5-14 / {(Ab + A.)*-A.*}* and 
D=514 / A» with no perceptible approach. 

For a coefficient of -712 

D. =5-5 / {(Afc+A.)*-Aj}' and 

D=5.6 / h^ with no perceptible approach. 

And finally for a coefficient of -81 

/D. = 6-3 l{ihy,-\-Kf - h *}• and 
(0.) • D=6-3 / h^ when the velocity of approach 
vanishes. 
The theoretical value of A, in each of the foregoing 
equations is in terms of the velocity of approach », 

in which 2 g must be taken equal to 64-403 for heads 
in feet, and equal to 772 84 for heads in inches. But 
it is evident that in order to produce the velocity 
per second t?. passing through the notch with a 
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nearly stUl-water basin above it, that K must be 
increased from its theoretical value 2^*^^"f^'^^ 

which expression c^ is the coeflficient of discharge 
due to the particular notch, or weir, and its attendant 
circumstances ; whence we must take 

t^ _ Theoretical head 
(^•) *• =-^2^ - cl 

Now, unquestionably, the most general coeflficient 
both for notches and submerged orifices, in thin 
plates, for gauging, whether triangular, rectangular, 
or circular, is -617, when the orifice or notch is small 
compared with the approaching channel ; whence for 
measures in feet 

h^ = -0408 v\, and v. = 4-95 v^ 
For measures in inches, 

A. = -0034 t^, and t?. = 17-2 \/a;: 
And for measures in which v^ is expressed in feet per 
second, and h^ in inches 

. A. = -49t72, and t?^ = 1-43 v^ 
By substituting these values of A^, found in terms of 
the approaching velocity, according to the standards 
used in the equations from (a) to (f) inclusive, and 
also in equation (h), we shall be enabled to find the 
proper discharge from a notch in a thin plate. The 
values of A., equation (p), can be found at once in 
inches from the observed values of v^ to be also taken 
in inches,for coefl&cients varying from -584 to -974, by 
means of Table II. Thus, with a coefficient of -617, 
we shall find, for an approaching velocity of 36 
inches per second, that A. becomes 4f =4-4 inches 
nearly, while for a coeflficient of •666, it is only 3|= 

I 
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3-8 inches ; and for a coeflScient of 1, the theoretical 
head is but If = 1-7 inches nearly. 

From the very nature of the case the approaching 
velocity must continue nearly unimpaired through 
the notch with but a very slight reduction arising 
from the viscidity of the water when it enters the 
aperture, and separates from the lateral fluid. But 
in order to give this unimpaired velocity by means of 
an extra head h^, it is evident that h^ must be in- 
creased above the theoretical value by the amount 
due to the coefficient of discharge; or, as before 

stated, h^ must be increased from ^-^ to -rcf— This 

value of \ is, perhaps, something too large, owing 
to the reduction of v^ at the moment it enters the notch 
and is acted upon by the overfall, drawing it away, 
as it were, from the lateral water above the crest. 

The numerical results of the respective formulae 
from (A) to (o), inclusive, can be obtained by modify- 
ing the form as in equation (42) into 

; ■>.=»>< l(i+|;)«-(J-;)') or, 

».=c,xi/wv*.xi(n-i')'-(l:)'i 

in which d is the discharge found, when there is no 
velocity of approach, by the common form d =z 5 35 x 
Cd / A^, for which separate values ate given in equa- 
tions from (h) to (o) inclusive ; and numerical values 

in Table VL ; and ((l+x ^ ~{jiJ\^ multiplier 

suited to the velocity of approach, the values of 
which can be found from Table IV. Suppose, for 
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example, d = 158-1 cubic feet per minute, h^zzlO 
inches, and A. = 4 inches, which is that due to an 
approaching velocity of 3 feet per second with a 
coefficient of *648 ; then the multiplier becomes 
(1+-4)*- -4* = 1-4035, Table IY. Hence the dis- 
charge due to an approaching velocity of 3 feet is 
158- 1 X 1-4035 = 221-9 cubic feet, or an increase of 
about 40 per cent. Also, if the common formula 
were used, it is plain that the coefficient -648 should 
be increased to -648 x 1-4035, or to -909 nearly, 
which approximates within 10 per cent, of the 
theoretical value. Nothing can show more clearly 
the necessity for varying the coefficients when the 
ordinary formute are used, even for a notch in a thin 
plate: for other notches the coefficients, even for 
still water above the crest, vary considerably. 

The form of the equation used by D'Aubuisson 
and several other writers is 

(R.) D, = cl\/hl + cvlAl 

in which o and c are numerical coefficients, and v^ the 
velocity of approach. This form is incorrect in 
principle, although the values of c and c can be so 
taken as to give resulting values for d. approximately 
correct. For feet measures, and time in seconds. 
Professor Downing makes, after D'Aubuisson, p. 37 
of his translation, 

D. = c, X 5 -3 5 / %/A2 + -034941^ A?. 
Doctor Robinson* gives for like measures and time, 
values varying from 

D, = 3-55/ \/Ag+ 1395t;;A g, to 

D.z=3-2/v/Ag+-1395t;2AJ. 

* Proceedings Boyal Irish Academy, vol. iv. p. did. '1805 vj is 
nine times the theoretical head, and too much. 

i3 
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Mr. Taylor finds (for the Government Referees, see 
Report on the Main Drainage of the Metropolis, 
13th July, 1858, p. 32) the discharge in cubic feet 
per minute, when the depth is taken in inches, and 
th* length in feet to be, 

and the Messrs. Hawksley, Bidder, and Bazalgette 
assume, (p. 33 ibid,) for like measures, 

which they consider is in *^ excess.'' The following 
table, copied and extended from the report just 
referred to, shows the results of the last two 
formulae, and of our equations (l) and (n), in which 
the depth, h^ must be taken equal to 10 inches, 
and the length, /, equal to 1 foot. 



IVnanlM. 







•6 


1 


1-6 


2 


2-6 


8 




1581 


158-6 


169-6 


161-4 


164 


167 


171 


»a = V/»b'-<-1^75^i*J 


Equation (l) when the 
head, fc^, due to the ve- 
















locity of approach is - 
taken at only its theo- 
retical value . 


168-1 


169-2 


162-1 


166-8 


178 


180 


189 


Equation (l) when the " 
head, \, due to the ve- 
















locity of approach is in- ■ 
creased for the coeffi- 
cient of velocity -648 J 


1681 


160 


167 


177 


190 


206 


222 


Equation (n) when the 
head, h^^ due to the ve- 
















locity of approach is - 
taken at only its theo- 
retical value . 


173'9 


1781 


178-3 


188-6 


1901 


198-8 


207-6 


Equation (N)when the 
head due to the velocity 
of approach is increased 
for the coefficient of ve- 
locity -713 . 


178-9 
178-9 


176 
176-7 


182 
180-8 


192 
188-9 


204 
199-8 


218 
213 


284 
228 


i>a = 6V\*+-8f;«A> 
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In equations (l) and (n) we can get, Table II., the 
values of the head, A., due to velocity of approach v., 
as follows : 



v» = -5, 


•1, 1-5. -3, 3-6, 


3*0 ; in feet per second. 


K = -047, 


•186, -419, -745, 1-16, 


1-68; theoretical head in inches. 


Then 






K = 111, 


•447, -997, 1-77, 3-76, 


4- ; for a coefficient of -648. 


and 






K - -093, 


•866, •883, 1-47, 2-39, 


8-81 ; for a coefficient of •713. 


Whence 


as ^i,, = 10 inches. 


we shall have in equa- 


tion (Q), 






Jt=-^^^' 


•046, 1, 18, 38, 


•4; for a coefficient of •648, 


and 






^=.009. 


•087, 088, •IS, SS. 


•83 ; for a coefficient of -713 ; 



and hence, by means of Table IV. (l + /rf^ixf 

becomes of the following respective values suited to 
the above velocities, 

1^015, 1059, 1^133, 1^305, 1-3, 1-403 ; for a coefficient of -648, 

and 

1-018, 1-049, 1-104, 1175, r354, r344 ; for a coefficient of -713. 

These latter values multiplied in order by the initial 
values of the discharges, 158-1 and 1739, in the 
above table, give the discharges in the third and 
fifth lines corresponding, due to the respective velo- 
cities of approach. 

The accordance between the results in the last 
two lines of the table is remarkable. Table V. 
shows that if the coeflBcient be -617 when the water 
above the crest is still, it will be increased to '712 
when the approaching channel is about 1*83 times 
the section of the water in the notch. If the arrises 
of the two-inch thick waste board be rounded, 
the coefficient must also be considerable, although 
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uncertain ; but as the equation d. = 5'5\/hl+'8vlhl 
appears to have been framed by Mr. Taylor, to 
express special experiments made for Mr. Simpson, 
in which the quantities varied from 5 to 152 cubic 
feet per minute, and for heads on a four-foot weir 
varying from 1 inch to 8 inches,* we must conclude 
the coeflBcient for heads measured from still water 
above the crest in those experiments suited to the 
fortri of the weir used, and its attendant circum- 
stances, is -712. 

The equations (39) and those from (a) to (o) may 
be easily changed into forms in which only the 
depth h^^ the velocity of approach, and the coefficient 
of velocity (in this case equal to that of discharge) c^ 
are introduced. It is, however, only necessary here to 
reduce the general form (a) p. Ill, for feet measures, 
which becomes, after* substituting for A. its value 

^— 2^, and making soine reductions^ 

'D.=6-36c,x(^^^)*/{(r;x64-a,+t^*-t;;} 



(S.) 



•01034 



and for time in minutes the discharge is 

in which v. still continues the velocity in feet per 
second, as determined from observation. These for- 

* Vide p. 22, Letter dated 16th August, 1868, from the 
Oovermnent Eeferees to the Eight Hon. Lord John Manners, 
on the subject of the Metropolitan Main Drainage. 
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muled may be again reduced to many others. If we 
take h^ in inches (T) becomes 

(U.) T>.= ^l{{5^Slclh, + vDi-f/l}. 

Mr. Pole, in a letter to Mr. Simpson and Captain 
Gallon, already referred to, gives the special value, 

which corresponds very closely with the experiments 
made for Mr. Simpson. If we assume c^ = -712, 
which also closely corresponds with those experi- 
ments, our equation (U) becomes for them 

D. = 1-225 / {(2-72 A, + ^)^ — ^.} ; 

but the amount of the discharge must always depend 
on the coefficient c^, equation (U) suited to the special 
circumstances of the case under consideration. 

The form of equation for the discharge proposed 
by Mr. Boyden* includes the effects of the end con- 
tractions : it is 

Dzzo {/ — bnhy,}h^^ 

in which o = f c^ \/2^A, n the number of end con- 
tractions, / the length of the weir, h^ the head 
measured from the surface of the water above the 
curvature of approach, and b a coefficient due to the 
nature of the end contractions. The mean nume- 
rical exponent of this formula, derived by Francis 
from his experiments, is for feet measures, per second, 

D = 3-33(/— •lnA^)A^*t> 

* Francis's LoweU Hydraulic E}q[>eriment8, p. 74. 
t Ibid, p. 119. 
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but the value of o varied from 3-303 to 3-3617. 
These results give corresponding values of c^ = '617 
to -628, and when c = 3-33, c^ = -623. The experi- 
mental results compared with this formula have been 
referred to at p. 83. 

Francis's Lowell experiments on a wooden dam 
10 feet long, level and 3 feet wide at the crest, with 
a head slope of 3} to 1 in a channel 10 feet wide, 
give, for heads between 6 and 20 inches, a mean 
coeflBcient of -663 or -565. This for feet measures 
would give for the discharge per second 

D = 3-02 hi 
For greater depths, on this width of crest, the dis- 
charge would probably rise as high as 3-1 A^ or 3-3 A*. ^^^V^tJ^^ 
The section of the dam was the same as that erected 
by the Essex Company across the Merrimack River, 
at Lawrence, Massachusetts. See, also, table of 
coefficients, p. 80. 

In equation (13), pp. 54 and 56, we have given a 
general expression for the value of d through a tri- 
angular notch. Professor Thomson, of the Queen's 
College, Belfast, in a paper read at the British Asso- 
ciation at Leeds in 1858, says : — 

" The ordinary rectangular notches, accurately ex- 
perimented on as they have been, at great cost and 
with high scientific skill, in various countries, with 
the view of determining the necessary formulas and 
coefficients for their application in practice, are for 
many purposes suitable and convenient. They are, 
however, but ill adapted for the measurement of very 
variable quantities of water, such as commonly occur 
to the engineer to be gauged in rivers and streams. 
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If the rectangular notch is to be made wide enough 
to allow the water to pass in flood times, it must be 
so wide that for long periods, in moderately dry 
weather, the water flows so shallow over its crest, 
that its indications cannot be relied on. To remove, 
in some degree, this objection, gauges for rivers or 
streams are sometimes formed, in the best engineer- 
ing practice, with a small rectangular notch cut do*n 
below the general level of the crest of a large rectan* 
gular notch. If now, instead bf one depression being 
made for dry weather, we use a crest wide enough for 
use in floods, we conceive of a large number of de- 
pressions extending so as to give the crest the 
appearance of a set of steps of stairs, and if we 
conceive the number of such steps to become in- 
finitely great, we are led at once to the conception of 
the triangular instead of the rectangular notch. The 
principle of the triangular notch being thus arrived 
at, it becomes evident there is no necessity for 
having one side of the notch vertical, and the other 
slanting; but that, as may in many cases prove 
more convenient, both sides may be made slanting, 
and their slopes may be alike. It is then to be 
observed, that by the use of the triangular notch, 
with proper formulas and coeflBcients derivable by 
due union of theory and experiments, quantities of 
running water from the smallest to the largest may 
be accurately gauged by their flow through the same 
notch. The reason of this is obvious, from consider- 
ing that in the triangular notch, when the quantity 
flowing is very small, the flow is confined to a small 
space admitting of accurate measurement ; and that 
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the space for the flow of water increases as the 
quantity to be measured increases, but still continues 
such as to admit of accurate measurement. 

" Further, the ordinary rectangular notch, whfen ap* 
plied for the gauging of rivers, is subject to a serious 
objection from the diflBctilty or impossibility of pro- 
perly taking into account the influence of the bottom 
of the river on the flow of the water to the notch. 
If it were practicable to dam up the river so deep 
that the watet would flow through the notch as 
if coming from a reservoir of still water, the diffi- 
culty would not arise. This, however, can seldom be 
done in practice, and although the bottom of the 
river may be so far below the crest as to produce 
but little effect on the flow of the Water when the 
quantity flowing is small, yet when the quantity 
becomes great, the velocity of approach comes to 
have a very material influence on the flow of the 
water, but an influence which is usually difficult, if 
not impracticable to ascertain with satisfactory ac- 
curacy. In the notches now proposed of a trian- 
gular form, the influence of the bottom may be 
rendered definite, and such as to affect alike (or at 
least by some law that may be readily determined 
by experiment) the flow of the water when very 
small, or when very great, in the same notch. 
The method by which I propose that this may be 
effected consists in carrying out a floor, starting 
exactly from the vertex of the notch, and extending 
both up-stream and latterally, so as to form a bottom 
to the channel of approach, which will both be 
smooth and will serve as the lower bounding surface 
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of a passage of approach unchanging in form while 
increasing in magnitude, at the places at least which 
are adjacent to the vertex of the notch. The floor 
may be either perfectly level, or may consist of 
two planes, whose intersection would start from the 
vertex of the notch^ and would pass up-stream per- 
pendicularly to the direction of the weir board ; the 
two planes slanting upwards from their intersection 
more gently than the sides of the notch. The level 
floor, although theoretically not quite so perfect as 
the floor of two planes, would probably for most 
practical purposes prove the more convenient ar- 
rangement. 

" With reference to the use of the floor it may be 
said, in short, that by a due arrangement of the 
notch and the floor a discharge orifice and channel 
of approach may be produced, of which (the upper 
surface of the water being considered as the top 
of the channel and orifice) the form will be un- 
changed or but little changed, with variations of 
the quantity flowing ; very much less certainly than 
is the case with rectangular notches. 

" Whatever may be the result in this respect, the 
main object must be to obtain, for a moderate 
number of triangular notches of different forms, 
and both with and without floors at the passage 
of approach, the necessary coeflBcients for the va- 
rious forms of notches and approaches selected, 
and for various depths in any one of them, so as 
to allow of water being gauged for practical pur- 
poses, when in future convenient, by means of 
similarly formed notches and approaches. The util- 
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ity of the proposed system of gauging it is to be 
particularly observed, will not depend upon a per- 
fectly close agreement of the theory described with 
the experiments, because a table of experimental 
coeflficients for various depths, or an empirical for- 
mula slightly modified from the theoretical one, will 
serve all purposes. 

"To one evident simplification in the proposed 
system of gauging, as compared with that by rect- 
angular notches, I would here advert, namely, that 
in the proposed system the quantity flowing comes 
to be a function of only one variable — namely, the 
measured head of water — while in the rectangular 
notches it is a function of at least two variables, 
namely, the head of water, and the horizontal width 
of the notch ; and is commonly also a function of a 
third variable very difficult to be taken into account, 
namely, the depth from the crest of the notch down 
to the bottom ^f the channel of approach, which 
depth must vary in its influence with all the varying 
ratios between it and the other two quantities of 
which the flow is a function. 

" The proposed system of gauging also gives facil- 
ities for taking another element into account which 
often arises in practice — namely, the influence of 
back water on the flow of the water in the gauge, 
when, as frequently occurs in rivers, it is found 
impracticable to dam the river up sufficiently to give 
it a clear overfall free from the back or tail water. 
For any given ratio of the height of the tail water 
above the vertex of the notch to the height of head 
water above the vertex of the notch, I would an- 



Digitized by VjOOQ IC 



126 THE DISCHARGE OF WATER FROM 

ticipate that the qnantities flowing wonld still be 
approximately at least, proportional to the I power of 
the head, as before ; and a set of coefficients would 
have to be determined experimentally for different 
ratios of the height of the head water to the height 
of the tjtil water above the yeirtex of the notch. 

*^ I have got some preliminary experiments made on 
a righti-angled notch in a vertical plane surface, the 
sides of the notch making angles of 45"^ with the 
horizon, and the flow being from a deep and wide 
pool of quiet water, and the water thus approaching 
the notch uninfluepced by any floor or bottom. The 
principal set of experiments as yet made were on 
quantities of water varying from about 2 to 10 cubic 
feet per minute ; and the depths or heads of the water 
varied from 2 inches to 4 inches in the right-angled 
notch. From these experiments I derive the formula 

Q = 0-317 H* 
where q is the quantity of water in cubic feet per 
minute, and h the head as measured vertically in 
inches from the still water level of the pool down to 
the vertex of the notch. This formula is submitted 
at present temporarily as being accurate enough for 
use for ordinary practical purposes for the measure- 
ment of water by notches similar to the one experi- 
mented on, and for quantities of water limited to 
nearly the same range as those in the experiments ; 
but as being, of course, subject to amendment by 
more perfect experiments extending through a wider 
range of quantities of water." 

In the first edition of this book we gave the gene- 
ral form of the equation for the discharge through 
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triangular notches, and also showed the general appli- 
cation of the coefficieuts '617 to :628 for all forms 
of orifices and notches in thin plates. -617, as shown 
in note p. 65, gives ^ result identic3.1 with the prac- 
tical results of Professor Thomson's experiments. 
The great advantage of the triangular notch for 
gauging is^ that the sections for all depths flowing 
over are similar triangles, and therefore the coeflB- 
cient probably remains const8|,nt, of ^early so, not 
only for one but for all species of triangles, when the 
depth at the open is not very little indeed in propor- 
tion to the width flowing oyer at the surface. 

The disadvantage of the proposed triangular form 
of depression, if permanent in a dam, would be that 
the angular point should be at a lower level than the 
top of a horizontal crest to maintain the same level, 
above, of the water during floods ; and therefore the 
power of the water and head would be reduced at 
the period when most required for mill-power or 
navigation purposes; that is, during dry weather. 
For drainage purposes the winter level or that du- 
ring floods, must evidently be kept down, unless 
when the banks are steep, and along rapids; but 
these remarks do not apply to dams erected across 
millraces or streams where the banks are, generally, 
considerably above floods. These remarks refer to 
occasions for permanent gauging to find the relations 
of evaporation, absorption, and discharge in given 
catchment areas. In notch gauging to determine the 
useful effect of water engines, rectangular forms in 
thin plates have the coefficients already well deter- 
mined, and the calculations are easy. 
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DIFFERENT EFFECTS OF CENTRAL AND MEAN VELOCITIES. 

There is, however, another element to be taken 
into consideration, and which we shall have to refer 
to more particularly hereafter ; it is this, that the 
central velocity, directly facing the orifice, is also 
the maximum velocity in the tube, and not the mean 
velocity. The ratio of these velocities is 1 : -835 

nearly; hence, in the example, p. 110, where ^ = ^? 

we get 3 X '835 = 2 505 for the value of - in column 

1, Table V., opposite to which we shall find -649, 
the coeflBcient for an orifice of one-third of the 
section of the tube when cylindrical or prismatic, 
Fig. 13; and 3 x -835 x "807 = 2 02 nearly, oppo- 
site to which we shall get -661 for the coefficient 
when the orifice is at the end of the short tube. 
Fig. 14, with a rounded junction. We have, there- 

c 

fore, ■- X '835 equal to the new value of - for 

finding the discharge from orifices at the end of 

cylindrical or prismatic tubes, and -- x '835 x '807 

c c 

= - X '67 nearly for the new value of - when 

finding the discharge from orifices at the end of a 
short tube with a rounded junction. 

The ratio of a mean velocity in the tube to that 
facing the orifice cannot be less than -835 to 1, and 
varies up to 1 to 1 ; the first ratio obtaining when 
the orifice is pretty small compared with the sec- 
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tion of the tube, and the other when they are 
eqnal. If we suppose 
the curve d o, whose 
abscissae (Aft) repre- 
sent the ratio of the 
orifice to the section 
of the tube^ and whose 
ordinates (be) repre- 
sent the ratio of the mean velocity in the tube to 
that facing the orifice^ to be a parabola^ we shall 
find the following values : — 




BaiiootaieoittM 

to Om duouML or 

ntaie^of 

A Ab 
0""AB 


Yalaes of 
dc. 


B(lloo{flieis«ai<nlaait| 

of appmoh i> a lube or 

ahaoneltethi* 

MlflodornlaHot tc 


•0 


•166 


•835 


' 1 


•163 


•837 


•2 


•158 


•842 


•3 


•150 


•850 


•4 


•139 


•861 


•5 


•124 


•876 


•6 


•106 


•894 


•7 


•084 


•916 


•8 


•059 


•941 


•9 


•031 


•969 


10 


•000 


1^000 



These values of ft c are to be multiplied by the cor- 
responding ratio - in order to find a new value, 

opposite to which will be found, in the table, the 
coefficient for orifices at the ends of short prismatic 
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117-946 



or cylindrical tubes ; and this new value again mnl- 

r 1 )i 
tiplied by '807, or more generally by c^ |t:z:^|*, will 

c 
give another new value of -, opposite to which, in 

the table, will be found the coeflScient for orifices 
at the ends of short tubes with rounded junctions. 

Example III. What 

shall be the discharge 

from an orifice A, Fig. 

16, 2 feet long by 1 

foot deepy when the 

value of - is S. and 

^ A ' 

the depth of the centre 
of A 1 foot 6 inches 

below the surface? We have Dt = 2 x 1 X 

La 

(Table XL) zz 2 x 9-829 x 19-658 cubic feet per 
second for the theoretical discharge. From the table 
on last page the coeflBcient for the mean velocity, 

facing the orifiise, is about -86 ; hence - x '86 = 3 x 

•86 = 2-58. If we take the coeflBcient from Table I., 
we shall find it (opposite to 2, the ratio of the length 
of the orifice to its depth) to be -617 ; and, for this 
coeflBcient, opposite to 2-58, in Table V., or the next 
number to it, we find the required coeflBcient -636 ; 
hence the discharge is -636 x 19-658 z= 12-502 cubic 
feet per second. If we assume the coeflBcient in still 
water to be -628, then we shall obtain the new co- 

i< See p. 106, with reference to the modifieatioms of equations 
(45) and i4A) into (45a) and (46a) suited to A« »= ^^- 
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efficient -647, and the discharge wonld be '647 x 
19-658 zz 12-719 ciibic feet. If the junction of the 
tube with the cistern be rounded, as shown by the 
dotted lines, we have to multiply 2-58 by '807, which 

gives 2-08 for the new value of -, opposite which we 

shall find, in Table V., when the first coefficient is 
•628, the new coefficient -659; and the discharge in 
this case would be -659 x 19-658 = 12-955 cubic 
feet per second. 

It is not necessary to 
take out the coefficient 



of mean velocity facing 

the orifice to more than 

two places of decimals. 

For gauge notches in 

thin plates placed in 

streams and millraces, Fig. 17, the mean coefficient 

•628, for still water, may be assumed ; thence the new 

coefficient suited to the ratio - may be found, as in 

the first portion of Example III. We shall leave 
the working out of the results when h^ is taken equal 

to 2^ to the student. 

Example IV. What shaU be the discharge through 
the aperture k, equal 2 feet by 1 foot, when the channel 
is to the orifice as 3-375 to 1, and the depth of the 
centre is \'25foot below the sufface, taken at about 3 
fiet above the orifice 1 Here the coefficient of the 
approaching velocity is -85 nearly, whence the new 

value of -is 3-375 x •86 = 2-87; and as 0^= -628, 

k3 
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we shall get from Table V. the new coefficient -644. 
Hence 

D = 2 X 1 xi5^x-644(TABLBlI.)=2 x 8-972x-644 

12 ^ ^ 

= 17-944 X -644 = 11-556 cubic feet per second. 
Weisbach finds the discharge, by an empirical 
formula, to be 11-31 cubic feet. If the coefficient 
be sought in Table L, we shall find it -617 nearly, 
from which, in Table V., we shall find the new 
coefficient to be -632 : hence 17-944 x -632 = 11-341 
cubic feet per second. If the coefficient -6225 were 
used, we should find the new coefficient equals '638, 
and the discharge 11-468 cubic feet. Or thus: The 
ratio of the head at the upper edge to the depth of 

the orifice is -=-75, and from Table IV. we find 

12 ' 

(1-75)* — (-75)* = 1-6655. Assuming the coefficient 
to be '644, we find from Table VI. the discharge per 
minute over a weir 12 inches deep and 1 foot long to 

, 208-660 + 206-119 oa^ oo^ u- r x i j 

be = 206-884 cubic feet nearly ; and 

as the length of the orifice is 2 feet, we have 

— — ^ = 11-482 cubic feet per second, which 

60 r 7 

is the correct theoretical discharge for the coefficient 
-644, and less than the approximate result, 11-556 
cubic feet above found, by only a very small dif- 
ference. The velocity of approach in this example 
must be derived from the surface inclination of the 
stream. The working out of this example and the 

increase of the discharge when h^ = h-^ will afford 
practice to the student. 
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For notches or Poncelet weirs the approaS 
velocity is a maximum at or near the surface. If the 
central velocity at the surface facing the notch be 1, 
the mean velocity from side to side will be '914. We 
may therefore assume the variation of the central to 
the mean velocity to be from 1 to '914 ; and hence 
the ratio of the mean velocity at the surface of the 
channel to that facing the notch or weir cannot be 
less than '914 to 1, and varies up to 1 to 1 ; the first 
ratio obtaining when the notch or weir occupies a 
very small portion of the side or width of the channel, 
and the other when the weir extends for the whole 
width. Following the same mode of calculation as 
at p. 129, Fig. 15, we shall find as follows : — 

Batio of flie Yalaos of Values of 



iridfh of tfao notoh 
to ifae width of 



de^ be, 



theohnnaL Kg. 16. Fig. 15. 

•0 086 -914 

•1 -085 -915 

•2 -083 -917 

•3 -078 -922 

•4 -072 -928 

•5 '064 -936 

•6 -055 -945 

•7 -044 -956 

•8 -031 -969 

•9 -016 -984 

10 -000 1-000 

These values of ft c are to be used as before in 

order to find the value of -, opposite to which in the 
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tables, and under the heading for weirs, will be found 
the new coefficient 

Example Y. The length of a weir is 10 feet; the 
vyidth of the approaching channel is 20 feet; the heady 
measured about ^feet above the toeir, is 9 inches ; and 
the depth of the channel 3 feet: what is the discharge ? 
Assuming the circumstances of the overfall to be 
such that the coefficient of discharge for heads, 
measured from still water in a deep weir basin or 
reservoir, will be -61 >, we shall find from Table VI. 
the discharge to be 128-642 x 10 = 128642 cubic 
feet per minute; but from the smallness of the 
channel the water approaches the weir with some 

velocity, and 7 = — — ^ = 8. We have also the width 

A 10 X ^ 

of the channel equal to twice the width of the weir, 
and hence (small table, p. 133,) 8 x -936 = 7-488 for 

the new value of -. From Table V. we now find the 

new coefficient = -623, and hence the dis- 

charge is '- — = 1298-93 cubic feet per minute. 

617 

Or thus : As the theoretical discharge. Table VI., is 
2084-96 cubic feet, we get 2084-96 x -623 = 129893, 
the same as before. In this example, however, the 
mean velocity approaching the overfall bears to the 
mean velocity in the channel a greater ratio than 
1 : -936, as, though the head is pretty large in pro- 
portion to the depth of the channel, the ratio of the 

sections -=- is small. We shall therefore be more 

8 

correct by finding the multiplier from the small table. 
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p. 129. By doing so the new value of - is 8 x -838 

= 6-704. From this and the coefficient '617 we shall 
find, as before from Table V., the new coefficient to 
be -627 ; hence we get 2084-96 x -627 « 1307-27 
cubic feet per minute for the discharge. 

The foregoing solution takes for granted that the 
velocity of approach is subject to contraction before 
arriving at the overfall or in passing through it; 
now, as this reduces the mean- velocity of approach 
from 1 to '784, Table V., when the coefficient for 
heads in still water is '61 7, we have to multiply the 

value of - = 6-704, last found, by -784, and we get 

6-704 X -784 = 6 -26 for the value -due to this cor- 
rection, from which we find the corresponding co- 
efficient in Table V. to be -629, and hence the cor- 
rected discharge is 2084-96 x -629 = 1311-44 cubic 

feet. It is to be borne in mind that the value of - in 

Table V. is simply an approximoiie value for the ratio 
H>f the vebcUy in the channel facing the orifice to the 
velocity in t/ie orifice itself; and the corrections 
applied in the foregoing examples were for the pur- 
pose of finding this ratio of velocity more correctly 

than the simple expression -gives it. The following 

auxiliary table will enable us to find the correction, 
and thence the new coefficient, with facility. Thus, 
if the channel be five times the size of the orifice, 
and a loss in the approaching velocity takes place 
equal to that in a short cylindrical tube, we get 
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AtnOZIABT TABLE, TO BE USED WITH TABUB Y. FOB KOBE NEABLT FDIDINO 
THE OOEFEIOIENT OF DI80HABOB NEABLT 8UITEO TO EQUATI0K8 (45 a) 
AND (46 a). 






•0 

•1 

•2 
•8 
•4 
•6 
•6 
•7 
•8 
•9 
1-0 




•885 
•887 
•842 
•850 
•861 
•876 
•894 
•916 
•941 
•969 
l^OOO 



Hnlttpllen for flnding the 
like -water i^proMfaM and 



of- in Tabls Y.| when 
passes through Che orifioe, wUlioat 
or loss of Telooify. 



Ooeffle* 
689 



•69 
•70 
•70 
•71 
•72 
•78 
•74 
•76 
•78 
•81 
•881 



•628 



•67 

•68 
•68 
•69 
•69 
•71 
•72 
•74 
•76 
•78 
•807 



OoeAo* 
617 



•65 
•66 
•66 
•67 
•68 
•69 
•70 
•72 
•74 
•76 
•784 



•606 



•64 
•64 
-64 
•65 
•66 
•67 
•68 
•70 
•72 
•74 
•762 



Ooefflc 
595 



•62 

•62 
•68 
•64 
•65 
•66 
•68 
•70 
•72 
•740 



OoefBo Goefflo 
584 -578 



•60 
•60 
•61 
•61 
•62 
•68 
•64 
•66 
•68 
•70 
•719 



•58 
•59 
•59 
•59 
•60 
•61 
•62 
•64 
•66 
•68 



5 X "842 = 4-210 for the new value of-, opposite to 

which, in Table V., will be found the coeflBcient 
sought. If the coefficient for still water be •606, we 
shall find it to be -612 for orifices and -623 for weirs. 
But when the water approaches without loss of 
velocity, we find from the auxiliary table '64 for the 
multiplier instead of '842, and consequently the new 

value of- becomes 5 x '64 z= 3-2, from which we 

shall find -617 to be the new coefficient for orifices 
and '636 for weirs. The auxiliary table is calculated 
by multiplying the numbers in the second column 
(see third column, table, p. 129) by the value of c^x 

j-3^1 , which will be found from Table V., for 
the different values of c^ in the table, viz. 
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•639, '628, -617, -606, -595, -684, and -673, to be 
•831, -807, -784, -762, -740, -719, and -699 respec- 
tively, as given in the top and bottom lines of figures. 

^^^^ aA a "^ equations (46) and (46) is equal to 

— a;_^ in equations (45a) and (46a), then c^ — 1, 

a ^1 
and Cd |l H — jzr^ ^^ equation (45) is equal to 

|l H a_T I ii^ equation (45a); and c^ |(l + 

^2^j7-(^?^) } i^ equation (46) is equal to 

{(l +^?^l7-ferri) j in equation (46a); and 
therefore the coeflBcient found from Table V. for 
Cd =z 1 will give the multiplier for c^^ outside the 
brackets, in (45a) and (46a), to find the new coeffi- 
cients. Thus in the last example m = 5, and hence 

Table V. for c^ = 1, we find 1 1 +^^i}* « 1*021 

and {{l+^f-(^j} = 1055. Hence 

1-021 X -606 = -619 nearly ; and 1055 x -606 = -639 
nearly, the new coefficients found from the other 
method being -617 and -636, the difference by both 
methods being of no great practical importance. 

It is necessary to observe, that in equations (45), 
(46), (45a), and (46a), the head due to the velocity of 
supply or approach, A«, must be extra to the head h, 
and no part of it, and that — ^as is indicated by the 
equations — m can never be so small as unity. These 
equations are not, therefore, strictly applicable to 
orifices in the short tubes. Fig. 15 and Fig. 16, al- 

Digitized by VjOOQ iC 



138 THE DISCHARGE OF WATER FROM 

though they can be made practically so within definite 
limits. The initial value of c^ itself varies consider- 
ably with the position and form of the orifice ; for a 
mean value of -707 it changes according to the rela- 

'707 
tion of and a into -371, and for a value of 

•618 for an orifice, central in a thin plate, Professor 
Rankine's formula, p. 110, is applicable. 

In weirs at right 
angles to channels 
with parallel sides, 
the sectional area can 
never equal that of 
the channel unless it be measured at or above the 
point A, where the sinking of the overfall commences ; 
and unless also the bed c n and surface a b have 
the same inclination. In all open channels, as mill- 
races, streams, rivers, the supply is derived from 
the surface inclination of a b, and this inclination 
regulates itself to the discharging power of the over- 
fall. When the overfall and channel have the same 
width, and it is considerable, we have, as shall 
appear hereafter, 91 x/lTs for the mean velocity in 
the channel, where h is the depth in feet and s the 
rate of inclination of the surface a b. We have also 

- \/2ffh for the theoretical velocity of discharge at 

the overfall, of equal depth with the channel, and, 
when both velocities are equal, 

- \/T7a = 5-36 \/ A = 91 \/Xs ; 

8 ^ 

from which we find 
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5=— zz-00346, 

289 ' 

the inclination of b a when the supply is equal to 
the theoretical discharge at the overfall If the co- 
efficient at the overfall were -628, or^ which is nearly 
the same things if a large and deep weir basin inter- 
vene between the weir and channel, Fig. 19, a a 



would be level, the velocity of approach would be 
destroyed, and we should have 

6-35 X -628 v/X= 3-36 ^T= 91 sHTs ; 
and thence the inclination of a b 

s zz — = -00136 

734 

very nearly. When we come to discuss the surface 
inclination of rivers, we shall see that the conditions 
here assumed and the resulting surface inclinations 
would involve a considerable loss of head. If the 
quantity discharged nnder both circumstances be the 
same, and h be the depth in the first case. Fig. 18, 
we shall then have the head in the latter case. Fig. 

19, equal (— ) h = 1*36 h very nearly, from which 

and the surface inclination the extent of the back- 
water may be found with sufficient accuracy. When, 

in Fig. 19, the inclination of a b exceeds — , the head 

at a must exceed the depth of the river above a. 
We must refer to pages further on. Section X, for 
some remarks on the backwater curve. 
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SECTION V. 

SUBMBRGED ORIFICES AND WEIRS.— CONTRAOTEB 
RIVER CHANNELS. 

The available pres- 
sure at any point in 
the depth of the ori- 
fice A, Pig. 20, is equal 
to the diflference of the 
pressures on each side. 

This difference is equal to the pressure due to the 
height hy between the water surfaces on each side of 
the orifice ; in this case, the velocity is 
(47.) t;=Ca\/2P; 

and the discharge 

(48.) D=ZrfCd\/2^A; 

in which, as before, / is the length, and d the depth 
of the rectangular orifice a. 

When the orifice is 
partly submerged, as 
in Fig. 21, we may 
put A„ — A = c^ for 
the submerged depth, 
and A — At s= rfi, the remaining portion of the depth ; 
whence d^-^r d^^d is the entire depth. The dis- 
ch arge th rough the submerged depth d^\&cj d^^x 
\/2 g hy and the discharge through the upper portion 
di is 
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whence the whole discharge — assuming the coeflB- 
cient of discharge c^ is the same for the upper and 
lower depths — is 

(49.) D = c,/v/2^{d;,x/A + J (A*-A,*)}. 

We may, however, equation (31), assume that 

very nearly, and hence 

(50.) i>=cJd^x/T^ + cjdi\/2ff(h^^y 

AsAt+2^ =A— 2^ this equation may be changed 

into 

(61.) J>=.cJd^s/'2^ + cJd,\/2ff(h,+ '^} 

In either of these forms the values of 



c,y/2gh,c^ x/2ff(h^^)^ and c, v^2^ (h,^^) 

can be had from Table II,, and the value of the dis- 
charge D thence easily found. 

When the water approaches the orifice with a 
determinate velocity, the height A. due to that velo- 
city can be found from Table II., and the discharge 
is then found by substituting h + h^ and h^ + A. for 
h and h^ in the above equations. 

In the submerged 
weir. Fig. 22, h be- 
comes equal to di, and 
At = ; the discharge, 
equation (49), then be- 
comes 



Digitized by VjOOQ iC 



142 THE DISCHABGE OF WATEB FROM 

D sx cjd^ \/2gdi+ -^cjdi sTTgdx^ or 

(52.)- . 2 1 

When the water approaches with a velocity due 
to the height h^^ then h becomes h + h^ h^ xs h^^ and 
equation (49) becomes 

(53.) D = c, / v^ [d^ s/d^,J^\ {d, + A/ - h}\ 

In the improvement of the navigation of rivers, it 
is sometimes necessary to construct weirs so as to 
raise the upper waters by a given depth, dy. The 
discharge d is in such cases previously known, or 
easily determined, and from the values of d^ and d 
we* can easily determine, equation (62), the value of 

(54.) d, = _^,=^-£e^; 

or, by taking the velocity of approach into account, 

(55.) d,= _ 2(rf,+^a)^-Af 

cJs/2g{d^JtK) 3 s/d^+K 
This value of ^ must be the depth of the top of the 
weir below the original surface of the water, in order 
that this surface should be raised by a given depth, 
di. When A. is small compared with d^j we may take 

1 (d, +K) = ^ X (^i+//-(^»)^n equation (56). 

8 8 V «! + h^ 

Example VI. A river whose width at the surfdce 
is lOfeety wlwse hydraulic mean depth is ^'4:feet^ and 
whose cross sectional area is 325 feet, has Ci surface 
inclination of 1 foot per mile; to what depth below, 
or height above the surface must a weir at right angles 
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to the channel be raised^ 9o that the depth of water 
immediately above it shall he increased hy S^feet ? 

When the hydraulic mean depth is 4*4 feet, and 
the fall per mile 1 foot, we find from Table VIII. 
that the mean velocity of the river is 29-98 or 30 
inches very nearly per second. The discharge is, 
therefore, 325 x 2i = 812-5 cubic feet per second, 

or 48750 cubic feet per minute. Hence, = 

696-4 cubic feet, must pass over each foot in length 
of the weir per minute. Assuming the coeflBcient 
Ci = -628 in the first instance, we find from Table 
VI. the head passing over a weir corresponding to 
this discharge to be 27*4 inches ; but as the head is 
to be increased by 3i feet, or 42 inches, it is clear 
that the weir must be perfect ; tiiat is, have a clear 
overfall, and rise 42 — 27-4 = 14-6 inches over, the 
original water surface. In order that the weir may 
be submerged, or imperfect^ the head could not be 
increased by more than 27-4 inches. Let us, there- 
fore, assume in the example, that the increase shall 
be only 18 instead of 42 inches; the weir then 
becomes submerged, and we have, from equation (64), 

d, = ,,, ^J^'t . -- X 18" (as / = 1 foot). 
•628 \/ 18" X 2^ 8 • ^ ' 

The value of the first part of this expression is 
found from Table VI. or Table II. equal to 

696-4 _ 696-4 _ , .^^ . . _ ^^.^ . 

^^X-X 370-341 ^'^^^A 

18 2 

hence 22-66— y= 1056 inches is the value of d^; 
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that iS; the submerged weir must be bnilt within 
10-66 inches of the surface to raise the head 18 
inches above the former level If, however, the 
velocity of approach be taken into account, we shall 

find this velocity equals -^^ z= 2 feet per second 
very nearly ; and the height, or value of A^, due to 

o 

this velocity, taken from Table II., is - = '76 inches 

nearly ; therefore, from equation (55), 

,_.___696;4 2 (18-75)^- (-75)^ 

-628 \/2ffX 18-76' I^ \/18-75 

The value of ^^^'^ = (from Table VL) 

•628 v/ 2^x18-75' ^ ^ 

696-4 696-4 _ j.g^ ^^^ _ 22-08 in. ; 



«X^X 393-75 3^8-8 

2 18*76 

also '- X (MS)! :^(;75)*^ 2 , (-75)1 

a *65 

z= 12-5 --X -^^^ = 12-6- -1 = 12-4. 
8 4'oo 

Hence rfjiz 22 08 — 12-4 = 9-68 inches, or about 1 
inch less than the value previously found from equa- 
tion (54). The mean coefficient of discharge was 
here assumed to be -628. Experiments on submerged 
weirs show that the value of c^ varies from '5 up 
to -8, but as this coefficient would reduce the value 
of d^f or the depth of the top of the weir below the 
surface, it is safer (where a given depth above a weir 

* This is found from Table II. more readily. 
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must be obtained) to use the lesser and ordinary 
coeflBcients of perfect weirs, with a clear overfall, for 
finding the crest levels of submerged weirs, when it is 
necessary to construct them. If the coeflBcient -8 were 
used in the previous calculation, we should have found 
^^ •628x^22-08 _ ^^.^ ^ 17.33 .12.4 = 4.93 j^, 

* 

or not much more than half the previous value ; 
but this would only increase the whole height of the 
weir by 968 - 4-93 = 4-76 inches. 

As D = -cj^/liff {(di + Kf—hJ} for a perfect 

weir with a free overfall, it is clear that when d is 

greater than \cj\/^ { {d^ + h^^ - Af }, the weir 

8 

is imperfect or submerged. For backwater curve 
see Section X. 

In the following table of coefficients from Lesbros* 
d^ is measured from that point below the weir 
where its value is a minimum. On examining equa- 
tion (52), it will be seen that the equation d = c^ / 
{di + d2)\/2ffdi adopted by Lesbros is incorrect, 
and can only be safely used within the limits of his 
experiments. 



♦ Vide p. 84, deuxieme Edition, HydrauHque, par Artiiur 
Morin. Paris, 1868. 
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Talne* of Ae 




Values of the 


Yalvetof 


ooBfflcient «^ la the 


Yalaeiof 


coefficient c^ in the 


-1 


ft>nnttlA 


^, 


onrnla 


-l + ^« 


^i^^i . 




X i/2pd,. 




x^/aid- 


•001 


•227 


•060 


•619 


•002 


•205 


•080 


•617 


•008 


•868 


•100 


•616 






•)50 


•612 


•004 


•480 


•200 


•507 


•005 


•496 


•250 


•502 


•006 


•556 


•800 


•497 


•007 


•697 


•850 


•492 


•008 


•605 


•400 


•487 


•009 


•600 


•450 


'480 


•010 


•696 






•015 


•680 


•500 


•474 


•020 


•670 


•550 


•466 


•035 


•657 


•600 


•459 


•080 


•646 


•700 


•444 


•085 


•687 


•800 


•427 


•040 


•581 


•900 


•409 


•045 


•526 


1-000 


•890 


•060 


•622 


tt 


»> 


Th« ezperimenta ra 


[ae< art thoie shown 1m 


»tween tha horizontal llnea, the othenaboTe 1 





The true value of the discharge is expressed by 
the equation d = c^ / |-rfi + ^| x \/2 g rf„ and 

the values of c^ in the above table are, therefore, 
too small, applied to the correct formula. When 
d^ — d^ the table gives c^ = -474. Now for weirs 
in which the sheet passing over is " drowned," the 
general value of the coeflBcient is about ^eT; this 
would give the coeflBcient for the lower portion c?,, 
in the true formula, equal to *503, and a mean co- 
eflBcient Cd in the correct formula (52) equal to -569 
nearly. When d^ — 200 c?i, the apparent limits of 
the experiments on the other side, then the mean 
value of Cd = -496 nearly in equation (52). These 
results would show that the coeflBcient due to the 
submerged depth d^ in the first and last experiments. 
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is equal to about -5 nearly, (but varies to '6 neariy 

in some of tbe middle experiments,) or thereabouts, 

and, therefore, equation (52) for submerged weirs, 

as the coefficient for the upper part di is -67, would 

become 

(52a0 d = / X { -445 rfi + -5 cL,] x \^2fd[; 

which for feet measures would become again 

(52r) d = /x \/^X {3-56c?i + 4d;,}> 

for the discharge in cubic feet per second over a 

submerged weir, Fig. 22. 

CONTRACTED RIVER CHANNELS. 

When the banks of a river, whose bed has a 
uniform inclination, approach each other, and con- 
tract the width of the channel in any way, as in 



Fig. 23, the water will rise in the channel above the 
contracted portion a, until the increased velocity of 
discharge compensates for the reduced cross section. 
If we put, as before, d^ for the increase of depth 
immediately above the contracted width, and d^ for 
the previous depth of the channel, we shall find the 
quantity of water passing through the lower depth, 
rfa, equal to cjd^ s/ Igd^^ in which / is the width of 
the contracted channel at a, and the quantity of 

water overflowing through d^ equal to -c^ld^ s/lgdx ; 

l8 
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and hence the whole discharge through a is 
(66.) D = cJ x/^2^,(d^ + ^ d,y 

When onr object is to find the width / of the con- 
tracted channel, so that the depth of water in the 
upper stretch shall be increased by a given depth rfj, 
we shall find 

(67,) /= __B _ 

When the velocity of approach is considerable, or 
when the height h^ due to it becomes a large portion 
of c?i, its eflFect must not be neglected. In this case, 
as before, we find the discharge through the depth 
di equal to c^ld^ \/2^(rfi + Aa) ; and the discharge 

2 3 

through the depth di equal to-c^l v2^ {{di + h^y 
— AJ} ; and hence the whole discharge is 

(58,) D=c,/x/2^{da(^ + A0* + J[(rfi + A0*-Afj}; 

from which we shall find 

(69.) /= — 5 

Cdv/2^W2(rfi + >^a)* + f[(rfi + A.)*--Af]} 

If the projecting spur or jetty at a be itself sub- 
merged, these formulae must be extended ; the man- 
ner of doing so, however, presents no diflBculty, as it 
is only necessary to find the discharges of the 
diflFerent sections according to the preceding formulae, 
and then add them together ; but the resulting for- 
mula so found is too complicated to be of much 
practical value. 
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HEADS ARISING FROM PIERS AND BACKWATER ABOVE BRIDGES. 

Equations (56), (67), (58), and (59), are applicable 
to cases of contraction of river channels caused by 
the construction of bridge-piers and abutments, when 
the width / is put for the sum of the openings between 
them. The value of the coeflBcient c^ will depend on 
the peculiar circumstances of each case; we have 
seen that it rises from -5 to -7 in some cases of 
submerged weirs, and for cases of contracted chan- 
nels it rises sometimes as high as -8, particularly 
when they are analogous to those for the dis- 
charge through mouth-pieces and short tubes. When 
the heads of the piers are square to the chan- 
nel, the coeflBcient may be taken at about -6 ; when 
the angles of the cut-waters or sterlings are ob- 
tuse, it may be taken at about -7 ; and when curved 
and acute, at -8. With this coeflBcient, a head of 2| 
inches will give a velocity of very nearly 36 inches, or 
3 feet per second ; but as a certain amount of loss 
takes place from the velocity of the tail-water being 
in general less than that through the arch, also from 
obstructions in the passage, and from square-headed 
and very short piers, the coeflBcient may be so small 
in some cases as '5, which would require a head of 
6f inches to obtain the same velocity. This head is 
to the former as 54 to 21. The selection of the proper 
coeflBcient suited to any particular case is, therefore, 
a matter of the first importance in determining the 
eflFect of obstructions in river channels : we shall have 
to recur to this subject again, but it is necessary to 
observe here, that the form of the approaches, the 
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length of the piers compared with the distance between 
them, or span, and the length and form of the obstrnc- 
tion compared with the width of the channel, must be 
duly considered before the coefficient suited to the 
particular case can be fixed upon. Indeed, the coeffi- 
cients will always approximate towards those, given 
in the next section, for mouth-pieces, shoots, and short 
tubes similarly circumstanced. For some further 
remarks on contracted channels, see Section X. 



SECTION VI. 

SHORT TUBES, MOUTH-PIECBS, AND APPROACHES. — ^ALTERATION 
IN THE COEFFICIENTS FROM FRICTION BT INCREASING THE 
LENGTH.— COEFFICIENTS OF DISCHARGE FOR SIMPLE AND 
COMPOtJND SHORT TUBES. — SHOOTS. 

The only orifices we have heretofore referred to 
were those in thin plates or planks, with a few inci- 
dental exceptions. It has been shown, page 48, Fig. 4, 
that a rounding off, next the water, of the mouth- 
piece increases the coefficient ; and when the curving 

Fig. 24. 




assumes the form of the vena-contracta, the coefficient 
increases to *986, or nearly unity. The discharge 
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from a short cylindrical tube a, Fig. 24, whose length 
is from one and a half to three times the diameter, is 
found to be very "nearly an arithmetical mean between 
the theoretical discharge and the discharge through a 
circular orifice in a thin plate of the same diameter 
as the tube, or '814 nearly. If, however, the inner 
arris be rounded, or chamfered oflF in any way, the 
coefficient will increase until, in the tube b. Fig. 24, 
with a properly-rounded junction, it becomes unity 
very nearly. In the conical short tubes c and d the 
coefficients are found to vary according to some func- 
tion of the converging or diverging angles o, o, and 
according as we take the lesser or greater diameter to 
calculate from. When the length of the tube exceeds 
twice the diameter, the friction of the water against 
the sides may be taken into account. 

The following table, calculated by us, for a coeffi- 
cient of friction -00699, due to a discharging velocity 
of about eighteen inches per second, see Section VIII., 
shows the resistance arising from friction in pipes of 
different lengths in relation to the diameter, and will 
be found of considerable practical value. It will be 
perceived that the calculations are made for three 
diflferent orifices of entry. First, when the arrises 
are rounded, as in b. Fig. 24, with a coefficient of 
•986 ; secondly, when the arrises are square, as in a, 
with a coefficient of '815 ; and, thirdly, ^hen the pipe 
projects into the vessel, when the coefficient of entry 
becomes reduced to '715. The velocity is 

v = c^ \/2ffh, 
h being measured to the lower end of the tube. 
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OOETFICIENTS 


FOB 8H0BT AND LONG TUBES. 






Numter of dUme- 

tm In the length 

ofthepipek 


of diidurge, showing 
the elEecta of McUon. 


Number of dlun«- 

ten in the length 

of the pipe. 


the efltets of txieti<m. 


a diameters 


•086 


•814 


•715 


650 diameters 


•228 


•225 


•223 


6 ., 


•936 


•779 


•690 


700 „ 


•220 


•217 


•215 


10 ., 


•884 


•747 


•668 


760 „ 


213 


•211 


•209 


16 „ 


•840 


•720 


•649 


800 „ 


•206 


•205 


•203 


20 „ 


•801 


•695 


•630 


850 „ 


•201 


•199 


•197 


86 „ 


•767 


•673 


•615 


800 „ 


•195 


•193 


•192 


80 


•737 


•653 


•698 


960 ., 


•190 


•189 


•187 


86 .. 


•711 


•634 


•684 


1000 „ 


•186 


•184 


•188 


40 „ 


•693 


•617 


•570 


1100 „ 


•177 


•176 


•175 


46 „ 


•665 


•601 


•668 


1200 „ 


•170 


•169 


•168 


60 „ 


•646 


•686 


•646 


1400 „ 


•158 


•157 


•156 


100 „ 


•613 


•480 


•468 


1600 „ 


•148 


•147 


•146 


150 .. 


•439 


•418 


•403 


1800 .. 


•139 


•189 


•188 


200 „ 


•389 


•376 


•864 


2000 „ 


•132 


•182 


•181 


380 „ 


•354 


•345 


•334 


2200 „ 


•126 


•126 


•125 


800 „ 


•327 


•318 


•311 


3400 „ 


•120 


•120 


•120 


860 „ 


•304 


•297 


•292 


2600 „ 


•116 


•116 


•116 


400 .. 


•287 


•280 


•276 


2800 „ 


•112 


•112 


•112 


450 „ 


•271 


•266 


•262 


3000 „ 


■108 


•108 


•108 


eoo „ 


•268 


•264 


-250 


8200 » 


•106 


•106 


•104 


650 „ 


•247 


•243 


•240 


3400 „ 


•102 


•102 


•101 


600 „ 


•287 


•234 


•231 


3600 „ 


•099 


•099 


•099 



We see from this table, that the eflFect of adding 
to the length of the pipe is greatest next the orifice of 
entry. The eflFect of a few diameters added to the 
length in long pipes is, practically, immaterial ; but 
in short pipes it is considerable. 

As for orifices in thin plates, so also for short 
tubes, the coeflBcients are found to vary according to 
the depth of the centre below the surface of the 
water, and to increase as the depths and diameter of 
the tube decrease. Poleni first remarked that the 
discharge through a short tube was greater than that 
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through a simple orifice, of the same diameter, in the 
proportion of 133 to 100, or as -617 to '821. 

CYLINDRICAL SHORT TUBES, A, 7I&. 24. 

The experiments of Bossut, as reduced by Prony, 
give the following coeflBcients, at the corresponding 
depths, for a cylindrical tube a. Fig. 24, 1 inch in 
diameter and 2 inches long. The depths are given in 



C0EFFICIEKT8 


FOB 8B0BT TUBES, 


FBOU BOBSdT. 


Heads 
In feet 


Coeffldenia. 


Heads 
in feet. 




Heads 
in feet. 




1 


•818 


6 


•806 


11 


•806 


3 


•807 


7 


•806 


13 


•804 


8 


•807 


8 


•806 


18 


•804 


4 


•807 


9 


•805 


14 


•804 


6 


•806 


10 


•806 


15 


•808 



Paris feet in the original, but the coefficients remain 
the same, practically, for depths in English feet. 
. Venturi's experiments give a coefficient -823 for a 
short tube a, li inch in diameter and 4j inches long, 
at a depth of 2 feet 8i inches, the coefficient through 
an orifice in a thin plate of the same diameter and at 
the same depth being -622. We have calculated tliese 
coefficients from the original experiments. The mear 
sures were in Paris feet and inches, from which 
the calculations were directly made; and as the 
diflFerence in the coefficient for small changes of 
depth or dimensions is immaterial or vanishes, as 
may be seen by the foregoing small table, and as 1 
Paris inch or foot is equal to 10658 English inches 
or feet, the former measures exceed the latter by only 
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about iVth. We may therefore assume that the coeffi^ 
dent for any orifice, at any depth, is the same, whether 
the dimensions be in Paris or English feet or inches. 
This remark ^ill be found generally useful in the con- 
sideration of the older continental experiments, and 
will prevent unnecessary reductions from one stand- 
ard to another where the coefficients only have to be 
considered. 

The mean value derived from the experiments of 
Michelotti, at depths from 3 to 20 feet, and with short 
tubes A from \ inch to 3 inches in width, is c^ = -814. 
Buff's experiments* give the following results for a 
tube A of ap inch wide and A of an inch long, nearly, 

butt's COEFFIOIXNTB fob 8MAIX 6H0BT TUBES. 



Head 
IniiMfaM. 


GoeAoient 


IninohM. 


Ooefioieftt 


Head 
ininchM. 


CoeiBdoit 


3i 


•855 
'861 


6 
14 


•840 
•840 


23 
82 


•829 
•826 



The increase for smaller tubes and for lesser depths 
appears by comparing these results with the foregoing, 
and from the results in themselves, generally. Weis- 
bach's esqperiments give a mean value for c^ = '815, 
an^ for depths of from 9 to 24 inches the coefficients 

•843, -832, -821, -810 respectively, for tubes -, -, i^ 

' ' ' ^ "^ ' 10* lO' 10* 

16 

and - of an inch wide, the length of each tube being 
three times the diameter. D'Anbuisson and CastePs 

« AnnalftTi der Physik und Chemie yon Poggendorff, 1889. 
Band 46, p. 348. 
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experiments with a tube -61 inch diameter and 1-57 
inch long, give *829 for the coefBcient at a depth of 
10 feet When a pipe projects into a cistern and has 
a sharp edge, the coefficient falls so low as 'TIS, 

We have calculated the coefficients in the two fol- 
lowing short tables, from Rennie's experiments with 
glass orifices and tubes. Table 7, p. 435, Philosophical 
Transactions for 1831, The form of the orifices, or 
length of the shorter tubes is not stated, but it is 
probable from the result, that the arrises of the ends 
were in some way rounded oflf ; it is stated they were 
" enlai^ed." Indeed, the discharges from the short 
tube or orifice of J inch diameter exceed the theo- 
retical ones in the proportion of 1-261 to l,and 1-346 
to 1. These results could not have been derived from 
a simple cylindrical tube, but might have arisen from 
the arrises being more or less rounded at both ends, 
and the orifice partaking of the nature of a compound 
tube, which may be constructed, as we shall hereafter 
show, so as to increase the theoretical discharge from 
1 up to 1-563. The resulting coefficients for the | 

COEFFICIENTS FOR SHORT TUBES^ THE ENDS ENLAROEB. 



Haad 
InfMl 


diametor. 


ai^. 


finoh 
dJanuttr. 


liBOh 
dlUMtff. 


1 


1*281 


•881 


•T66 


•912 


% 


laei 


•889 


•820 


•920 


8 


1-846 


•888 


•821 


•860 


4 


1-261 


•881 


•829 


•991 



and I inch tubes, approach very closely to those 
obtained by other experimenters, but those for the 
inch tube are too high, unless the arris at the ends 
was also rounded. Tbe coefficients derived from the 
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experiments with a cylindrical glass tube 1 foot long, 
as here given, are very variable ; like the others they 

COEFFICIENTS BEBIVEI) FBOM EXFERIKENTS WITH A OLA.88 TUBE ONE FOOT LONG. 



Heads 
in feet 


ilnoh 
diameter. 


iinch 
diameter. 


finch 
diameter. 


linch 
diameter. 


1 


•803 


•708 


•691 


•760 


a 


•914 


•734 


•718 


•749 


8 


•931 


•723 


•709 


•777 


4 


•914 


•725 


•677 


•815 



are, however, valuable, as exhibiting the uncertainty 
attending " experiments of this nature," and the ne- 
cessity for minutely observing and recording every 
circumstance which tends to alter and modify them. 
Indeed, for small tubes, a very slight diflference in the 
measurement of the diameter must alter the result a 
good deal, particularly when it is recollected that 
measurements are seldom taken more closely than 
the sixteenth of an inch, unless in special cases. As 
' the author, however, states, p. 433 of the work re- 
ferred to, that the " diameters of the tubes at their 
extremities were carefully enlarged to prevent wire 
edges from diminishing the sections ;" this circum- 
stance alone must have modified the discharges, and 
would account for most of the differences. 

The coeflBcient for rectangular short tubes differs 
in no way materially from those given for cylindrical 
ones, and maybe taken on an average at *814or *815. 

SHORT TUBES WITH ▲ ROUNDED MOUTH-PIEOB, B, FIG. 24. 

When the junction of a short tube with a vessel 
takes the form of the contracted vein. Figs. 3 and 4, 
page 48, the moan value of the coefficient Cd='956^ 
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and the actual discharge is found to be from 93 to 99 
per cent, of the theoretical discharge. Weisbach, for 
a tube 1| inch long and A inch diameter, rounded at 
the junction, found at 1 foot deep c^= '958, at 6 feet 
deep Cd= -969, and at 10 feet deep c^iz -975. These 
experiments show an increase in the coefficients, in 
this particular case, for an increase of depth* Any 
other form of junction than that of the contracted 
vein, will reduce the discharge, and the coefficients 
will vary from -715 to -814, and to -986, according to 
the change in the junction from the cylindrical, pro- 
jecting into the vessel, to the square and properly 
curved forms. The coefficients derived from Venturi's 
experiments will be given hereafter. 

SHORT CONICAL CONVERGENT TUBES, C, FIO. 24. 

The experiments of D'Aubuisson and Castel lead to 
the following coefficients of discharge and velocity* 
from a conically convergent tube c at a depth of 10 

COEFFICJIENTS FOR CONICAI. COmnEBGENT TUBES. 



Convexigisig 
angle o. 


Coefficient 
of discharge. 


Coefficient 
of velocify. 


Converging 
angle 0. 


Coefficient 
of discharge. 


Coefficient 
of velocity. 


1° 


•868 


•858 


14° 


•943 


•964 


20 


•873 


•873 


16° 


•937 


•970 


3° 


•908 


•908 


I80 


•931 


•971 


40 


•910 


•909 


200 


•922 


•971 


6° 


•920 


•916 


22° 


•917 


•973 


60 


•925 


•928 


26° 


•904 


•975 


80 


•931 


•933 


80° 


•895 


•976 


lOo 


•937 


•950 


40« 


•869 


•980 


lao 


•942 


•955 


60° 


•844 


•985 



♦ Traite d'Hydraulique, Paris, p. 60. 
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feet. We hare interpolated the original angles and 
coeflBcients so as to render the table more convenient 
to refer to, for practical purposes, than the original. 
The diameter of the tube at the smaller or discharging 
orifice in the experiments was '61 inches, and the 
length of the axis 1*57 inch; that is, the length was 
2*6 times the smaller diameter of the tube. The 
coefficient became -829 for the cylindrical tube, i. e. 
when the angle at o was nothing. The angle of con- 
vergence determines, from the proportions, the 
length of the inner and longer diameter of the tube. 
The coefficients of discharge increase up to -943 for 
an angle of 13| or 14 degrees, after which they again 
decrease ; but the coefficients of velocity increase as 
the angle of convergence, o, increases from -829, when 
the angle is zero up to *985 for an angle of 50 
degrees. 

When D is the discharge and A the area of the sec- 
tion, we have, as before shown, d=c^a \/lgh; but 
as, in conically convergent or divergent tubes, the 
inner and outer areas (or, as they may be called, the 
receiving and discharging sections) vary, it is clear 
that, the discharge being the same, and also the theo- 
retical velocity \/2 g A, the coefficient c^ must vary 
inversely with the sectional area a, and that c^XA 
must be constant. For the coefficients tabulated, the 
sectional area to be used is that at the smaller or 
outside end of a convergent tube c. Fig. 24. 

For a short tube c, whose length is -92 inch, lesser 
diameter 1-21 inch, and greater diameter 1-5 inch, 
we have found, from Venturi's experiments, that 
c^=:*607 if the larger diameter be used in the calcu- 
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lation, and c^zz-dM when the lesser diameter is made 
use of, the discharge taking place under a pressure 
of 2 feet 8i inches. 

The earlier exi)eriments of Poleni, when reduced, 
furnish us with the following coeflBcients : A tube 7-67 
inches long, 2-167 inches diameter at each end, gave 
C4=-854; the like tube with the inner or receiving 
orifice increased to 2f inches, Ci=:-903 ; increased to 
3-5 inches, Ci='898 ; increased to 6 inches, c^rz -888 ; 
and increased to 9-83 inches, CdZz-864. The depth 
or head was 21-33 inches, the discharging orifice 
2-167 inches diameter, and the length 7-67 inches, in 
each case. 

In the conically divergent tube d. Fig. 24, the co- 
efBcient of discJuirge is larger than for the same tube 
0, convergent, when the water fills both tubes, and 
the smaller sections, or those at the same distances 
from the centres o o, are made use of in the calcu- 
lations. A tube whose angle of convergence, o, is 6° 
nearly, with a head of from 1 to 10 feet, whose axial 
length is Z\ inches, smaller diameter 1 inch, and lar- 
ger diameter 1-3 inch, gives, when placed as at o, -921 
for the coeflBcient ; but when placed as at d, the co- 
eflBcient increases to -948. In the first case the 
smaller area, used in both calculations, being the re- 
ceiving, and in the other the discharging, orifice. 
The coefficient of velocity is, however, larger for the 
tube than for the tube d, and the discharging jet 
of water has a greater amplitude in falling. The 
effects of conically diverging tubes will, however, be 
better perceived from the experiments on compound 
short tubes. 
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BFFEOTS OF COMPOUND ADJUTAGES AND ADMISSION OF AIR 
INTO SHORT TUBES. 

If the tube a, Fig. 24, be pierced all round with 
small holes at the distauce of about half its diameter 
from the reservoir, the discharge will be immediately 
reduced in the proportion of -814 to -617. Venturi 
found the reduction for a tube 1^ inch diameter and 
4i inches long, at a depth of 2 feet lOi inches, as 41 
to 31, or as -823 to -622. As long as one hole re- 
mained open, the discharge continued at the same 
reduced rate ; but when the last hole was stopped, 
the discharge again increased to the original quantity. 
K a small hole be pierced in a tube 4 diameters long, 
at the distance of 1} or 2 diameters at farthest from 
the junction, the discharge will remain unaffected. 
This shows that the contraction in the cylindrical 
tube extends only a short distance from the junction, 
probably li or IJ diameter, including the whole cur- 
vature of the contraction. 

The contraction at the entrance into a tube from a 
reservoir accounts for the coefficients for a short tube 
A, Fig. 24, and the short tubes, diagrams 1 and 2, 
Fig. 25, being each the same decimal nearly, when 

Fig. 26. 




OB : or : : 1 : '8, or when or is not less than obx '79^ 
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aB4 i& at the 4i8tance of -nearly -r- from-o b. Th^ 

f^rm of the jtinctioii oom remaining as we have dei- 
dpribed it, the following coefficients will enable us t6 
judge of the discharging powers of differently formed 
short mouth-pieces. They have been deduced and 
aalculated by us, priacipally, from Venturis exj- 
periments.* 

'. These coeffi!cients show very clearly that any cat 
ciulations from themefc head of water and size of thp 
oirifice, withbnt taking into consideration the form o!f 
tjie discharging tube and its connection with the rei- 
ser v6ir, are very uncertain ; and that the discharge 
can only be correctly obtained when all the circum- 
stances of the case, including the form of the dish 
ciiargiijig orifice and its approaches, have been Axd^ 
donsidered. 

! When a tube similar to diagram 5, Fig. 25, has th^ 
jpnetion o o r r rounded, as in Fig, 4, page 48, th^ 
• outer extremity * « s t, siieh that s tzzar^sszzds^ 
and the diameter st = 1*8 times the diameter ^ ^, with 
a) short central cylindrical piece or s t between, the 
(^efficient of discharge corresponding to the diameter 
dr = rs will increase to 1'493 or 1-556 ; that is, the 

discharge is — - = 2-4, or - — = 2*6 times as much 

° -622 ' *622 

as through an orifice (whose diameter is o r) in a thin 
plate, and — z= 1-9 times as much as through a 

' * See Nicholson's trandlfttion of Venturi's Experimentid In- 
qtiirloSi published in the Tracts on Hydraulics, London, 1880. 
The coefficients in the table, next pi^, hove been all calculated 
fo r A e fi rs t tim e by -«g< • 

M 
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TABLE OF COEFFICnCMTft FOB SHORT TUBES AND 1I0UTH-FIECES« 



Desoriptioik of orlflM, numlh'pleM, or ihort tuhai 



CoeflSdentt 
for the 



1. An orifice lA inch diameter in a thin plate . . 

2. A cylindrioal tube 1} inch diameter and 4} 
inches long, a, Fig. 2^ 

3. A short tube with a sharp end projecting into 
the cistern 

4. A cylindrical tube, b, Fig. 24, having the jonc 
tion rounded, as in Fig. 4, page 48 

5. A short conical convergent mouth-piece, c, Fig. 
24, of the proportions of o o r n, Fig. 26 . 

6. The like tube divergent, with the smaller dia- 
meter at the junction with the reservoir; 
length SA inches, lesser diameter 1 inch, and 
greater diameter 1*3 inch 

7. The tube, oouvr% diagram 2, Fig. 25, when 
0B=li inch, Of =1-21 inch, u v = 1-21 inch, 
and otic»ri7=s2 inches, the cylindrical por- 
tion being shown by dotted lines 

8. The same tube when o ii= 11 inches 

„ The same tube when o u=23 inches 

0. The tube, oossTtrRy diagram 2, Fig. 25, in 

which o B=s«taa8Tssli inch, from o to i 
If inch, and < s »» 3 inches, gives the same co 
efficient as the cylindrical tube, result No. 2 

(see No. 19), viz 

The tube, diagram 1, Fig. 5^, o R^slj^ inch.. 
The same tube, having the spaces oso and 
r t B between the mouth-piece corn and the 
cylindrical tube o s x b open to the influx of 

the water 

The double conical tube, o o s t r b, diagram 3, 
Fig. 23, when or=8T=»1J inch, or =1'21 
inch, o 0= •U2 inches, and o 8=s4'l inches 
18. The like tube when, as in diagram 4, Fig. 26, 
oorB=osTr, and oos=s 1*84 inch 

14. The like tube when, st='1'46 inch, and os 
== 2*17 inches 

15. The like tube when st=3 inches, and 8==== 
9} inches 

10. The like tube when oss»6| inches, and st 
enlarged to 1*92 inch 

17. The like tube when 8T=2i inches, and os 
12^ inches 

18. A tube, diagram 5, Fig. 25, when o«=sr£s=3 
inches, or=«t=a 1*21 inch, and the tube 
o s T r the same as described in No. 12, viz. 
8 T = 1 J inch, and « s = 4*1 inches , ,. . , 

19. The tube, diagram 2, Fig. 25, when s T is en- 
larged to 1*97 inch, and < s to 7 inches, the 
other dimensions remaining as in No. 9. . . . 

20. When the junction of osrt with ssTt, dia- 
gram 2, Fig. 25, is improved, the other parts 
remaining as described in No. 9 

31. Another experiment gives 



10. 
11. 



12. 



•622 
•823 
•716 
•611 
•607 

•561 



600 
•607 
•531 



•804 



•785 



CkMfBdente 
for the 



•974 
•828 
•715 
•956 
•984 

•948 



•923 

•873 
•817 



1-266 
1-237 



1-209 



-928 


1428 


•823 


1-266 


•823 


1^2C6 


•911 


1-400 


L-020 


1^669 


L-215 


1-855 


•895 


1-377 


•945 


1-454 


•850 
•847 


1-309 
1-803 
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short cylindrical tube a, Fig. 24, whose diameter is also 
r. Venturi was of opinion that this discharge con- 
tinned even when the central cylindrical portion orst 
was of considerable length ; but this was a mistake, 
as the maximum discharge is obtained when it is 
reduced so that o o r b and s ^ ^ x shall join, as in 
diagram 3, Fig. 25. We see from No. 16 of the fore- 
going coefficients that 7— = 2-52 and — - =1-91 are, 

* 622 '822 

perhaps, nearer to the maximum results obtainable 
by comparing the discharge from a compound tube 
ooSTrR, diagram 3, Fig. 25, with those through an 
orifice in a thin plate, and tlirough a short cylin- 
drical tube. When the form of 
the tube becomes curvilineal 
throughout, as in Fig. 26, 
S T = 1-8 o r and o s = 9 o r. 




the coefficient suited to the diameter o r will be 1-57 
nearly, and the discharge will be — =2-52 times as 

much as through an orifice o r in a thin plate. 

The whole of the preceding coefficients have been 
determined from circumstances in which the co- 
efficient for an orifice in a thin plate was -622, and 
for a short cylindrical tube -822 or -823. When the 
circumstances of head and approaches in the reser- 
voir are such as to increase or decrease those 
primary coefficients, the other coefficients for com- 
pound adjutages will have to be increased or de- 
creased proportionately. 

After examining the foregoing results, it appears 
sufficiently clear that the utmost effect produced by 

m8 
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the fovmajkion of the ooi]tipoi;iid. motikh-ipieo&o<&/6/Dr(B^ . 
wiith) thei ekceptioii of Noi 17-^ i» dimply a^ peatoration:. 
of tbe losB ef eioted hj eodtraotioii It ^pa^mii^ ibro«^. 
the' orifice ;a Rii>a thin plate, and that ^ xmffiaUnt. 
2:5 tippliedf tb^ the. contracted wction at a rM sitt^/^ 
equal to (fii\. theoretical dischurpe J or .the Qo^ffwiemti 
untidy ApplUd totkeprimari/'ori/!/Cet> la ;: lOTi 98 > 
orifice o b.; prifice o r :: 1 : "64, very nearly, 
wheli 00 m takes the form of the liend-ccmtrdcia, and^ 
th6..ooeffloienti of.disohairge.forau ovi&^.or \n Br 
thin. pilat6> 4a 1*622, we get the tbeofetieal 4i8charget 
tihroiigiiii; > tbe , <»rifiQe' lO, b, to the aetuaJi : dU^harge, 
thir^Tighi an; omMe^^r^.st i» 1 to '622: X. 'S^, so is 
1 : -39808 :: 1 : -4 very nearly ; a«d as '4 x 2-5 -1, 
it is clear that the form of :the.tube»o.o8'CrB; wheii 
it produces the foregoing* effefelt, wjnply rieistopesi the 
loss caused by contraction in the ve^HtrConiraeta. 
Venltujrl'ai .sixteenth eKperimenti^i from wbipb we baye 
derived, the coefficients in No. 17, gives the coeflBcient 
1-215 for the orifice o b. This indicates that a 
greater iSischarge than the theoretical,, through; tbf^ 
receiving orifice, may be obtained, t It is, however, 
observbible that Yentnri^ in his seventh proposition^, 
does not rdy on this result^ and Eytelwein's expe- 
riments do not give a larger, coefficient than 2-5 
applied to the contracted orifice o r, which, we have 
abov^ showny is equal to the theo^etioal disehargQ 
through bB; . > 

*='"'■ ' SHOOTS. ■' 

When the sides and under edge of an orifice or 
nbtch 5in(irea6ie in thickiifess, so as to b6 oonverted 
into la shoot or sttiall channel, opeAi at the top, ther 
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coefGicients reduce, very coiisiderably, and to some 
extent beyond what the increased resistance from 
friction, particularly lor' sniall id'eptts, in'diiiate^. 
jPqnpeJiet and; I^sbir<?iS *, fpur^dfor.ori^s, ,§' x,$;', that 
the iidditittR.ofia.WrizoDtal 9hoQti2li,iDQhe8.ilong 
»edueed thfe'cflidfficieiit fwrn '604 to-eoiywith *ihead 
of about' 4 feet; but-fo^a tfead of '4} inches the 
coefficient . fell from -572; tio''-4fe3; ' -IPttr 'lioWlies 
B' wide, with the addition of'' ii, lio^iKnrfal ' sBtoot 
ft' 1,0' long, the coefficient feB 'froin'»582''tb'479 fot 
a head of 8'; and from -622 16 '%4iff"for.'«t'tii^kd ^f l!^ 
Castel 4il8o found for a notch '8'"^irtdei"Wfthai^'&ad^ 
tion of a Shoot S'long, inclifliedi 4' 18'', th^'m^ah dd- 
efficient for heads from 2" to44y*^ l>fe"52^''n<!ari!y. 
Ttte 'effeits' ftriSiiig^ifrW'ffeibtioiii ald<t6"#ilb'fee 'JJ^rJ- 
beiv^ad mtii ttfe' short taWe atf Ifti^' b^gitiiHtig ^' this 

i3ifCtJdii''t>;'U2l' •'•'•■■'■ '''i'"'' '" M,ll!.i..:. ■■,: i/'.;;!',;.. •;i!l 

' 'llbe'ortfl^ df'eiiti^'itfld A*Sllo6t'=aWii'it^ipositii6i!i 
'W'itb: Wf^^heeto'thtcdidW atld)''bbtt<*a[i''«iddify tUfe 
idiscHarge, ' th6 ' head tienklnlng' cofisttttii'. Lesbr<«t 
ha^'gim' th^ cdeffldente cntiljt^' t<» idiffei^t pd&itions 
^ 'sh66ta' both 'wittiitt • aiBid wlthbttt' ' &!<slst^rii;^ttttd 
^l^Jiii •'ndtdhteis attd'ittlwilei'gisd -drificey ^'bot,"hbwfeV«: 
VultiftMe thfee'ftl^'ih €toibfe'4'«ip<S«itd;>th6y ttre>of 'littlb 
priadlicil vA€ td i the'eBgitide*! ' The giin^ral' ^hio4i)i(e6 
which' sirekiv^dAYediii tiie modlftdatSbtf of thes*' co^l- 
^erits'have, hdt^ieve^i'been «dwyidylpoitttdd'd4tJ.by't© 
w-fedil' i didcuftsiii^ thd '^ffiectS' ' of - ' ttiiei ' ipos^dA of" 'fthb 
^rifide; fettd the sidaitfoii 'df'fehott tulbeaj'W'theiidifl- 
chatge. lEkiuatidti (74«;),'^. 18el,"is hfei^ft iipplltfttbl^] 

• '-■'; ■■"'•' ■••ti'ftit^d'Hydnmliiltte.y. id'et'k^''''' ''••■'^•''' 
.4 .Vi4i'maAxi}»\VLfixmi^i^ 
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SECTION VII. 

LATBEAL CONTACT OF THE WATBE AND TUBE. — ^ATMOSPHERIO 
PRES8URB. — nBAD MEASURED TO TOE DISCHARQINO ORI- 
FICE.— COEFFICIENT OF RESISTANCE. — FORMULA FOR THE 
DISCHARGE FROM A SHORT TUBE. — DIAPHRAGMS. — OB- 
LIQUE JUNCTIONS. — FORMULA FOR THE TIME OF TAB 
SURFACE SINKING A GIVEN DEPTH. — LOCK CHAMBERS. 

The contracted veyi 
o r is about -8 times 
the diameter o b; but 
it is found, notwith- 
standing, that water, 
in passing through a 
short tube of not less 

than li diameter in length, fills the whole of the 
discharging orifice s t. This is partly eflfected by 
the outflowing column of water carrying forward and 
exhausting the air between it and the tube, and by 
the external air then pressing on the column so as to 
enlarge its diameter and fill the whole .tube. When 
once the water approaches closely to the tube, or is 
caused to approach, it is attracted and adheres with 
some force to it. The water between the tube and 
the vena-contracta is, however, rather in a state of 
eddy than of forward motion, as appears from the 
experiments, with the tube, diagram 2, Fig. 25, 
giving the same discharge as the simple cylindrical 
tube. If the entrance be contracted by a diaphragm, 
as at R, Fig. 27, the water will also generally fill 
the tube, if it be only sufficiently long. Short cylin- 
drical tubes do not fill when the discharge takes place 
in an exhausted receiver ; but even diverging tubes, 
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D, Fig. 24, will be filled, under atmospheric pressure, . 
when the angle of divergence, o, does not exceed 7 or 8 
degrees, and the length be not very great nor very short. 

When a tube is fitted to the bottom or side of a 
vessel^ it is found that the discharge is that due to 
the head measured from the surface of the water to 
the lower or discharging extremity of the tube. It 
must, however, be sufficiently iong, and not too long, 
to get filled throughout. Guiglielmini first referred 
this eflfect to atmospheric pressure, but the first 
simple explanation is that given by Dr. Mathew 
Young, in the Transactions of the Boyal Irish 
Academy, vol. vii., p. 56. Yenturi, also, in his fourth, 
proposition, gives a demonstration. 

The values of the coefficients for short cylindrical 
tiibes, which we have given p. 162, hav6 been derived 
from experiment. Coefficients which agree pretty 
closely with them, and which are derived from the 
coefficients for the discharge through an orifice in a 
thin plate, may, however, be calculated as follows : 
Let be the area of the approaching section. Fig. 27, 
A the area of the discharging short tube, and a the 
area of the orifice o e which admits the water from, 
the vessel into the tube : also put, as before, h for 
the head measured from the surface of the water to 
the centre of the tube, and diaphragm o n ; t; for the 
actual velocity of discharge at s t ; v^ for the velocity 
of approach in the section c towards the diaphragm 
B; and c^ for the coefficient of contraction in 
passing from o r to or ; then we have o X 1;, = AX v, 
the contracted section r = Co x a, and consequently 
the velocity at the contracted section is equal to 
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— — = — *. Now a theoretical head equal' to ' 

««* • ««. ....V- • ,. ■.■:.\ 



A« 



^_,>_V'(i-5i) 



>' ! . 



is necessary to change the velocity t;, Intb t^'by the 
action of gravity ; but as thewalei^ at the'coiitracted 

seqtipu.prj, flttpviiig witii ?. Velocity — > atFf)^^,3^i5i3]lj 

the water betweea it and t b, moving^ fromi th^'inatare 
df the case, witb a slower velbpity^^ia o^rtem lossidff 
effect takes place from the impaofti'i)II(ll^iabe^>(9npi 
poded; saddeto, them writers onmecbankB have,i^owii 
thai a h»s cf heady (dgiiud to that due toMe diffifrmck 

of the velocities, — — v. before and qfier ' me 'impact 

mv^fak^j^acer Thialpsg^ of headi;^^e^,efi?Tfi^u«4. ^ 



I ■ 






fi.'r;; 



whence we must haVfe ^thiB Wlible hekid, ''^ ^"t: "i « > 
■■- ,... (l.'-^K+.(5^-l),<,H..i,,..i 



(W-)i ;, : A,=— 



I : r- • 



■r-> 



2'j^ ' ^" ' " ' !<• J> '•'!: ■)!! ' I 



froniwhiebwelfindferth^ velocity from a^ ahioii/itiibe^ 

(610.; ratV^^iA.j^ !>:/-! •■.1.1 
•■.; ' .•.^^^_..;l^ ::,0lJ.W*.i •../il^M-.i.-... ^.:ij 

, Now;, as sf^^ wpuld be the vj^lQcity of discjhiargje 
were there no resistances, ox loss sustained, it is 

eVident that | J a» - . a ;xn" 'becomes as' it 

\ W f^ .Sir Bbbert Kane's translatioii of ' Bti&lxiia^^d b6dk di) 
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vere Sk oQeffiaiqut of vftloiity. . Whm the 4iM;ie(e(f of 
,<iltfl diaphragm o r tweom^s eqqal to #.e diameter, a 5? 
of the tubQy A.;=^>. and a» the qfteffipi^fttof ysloQit3\ber 
qQfm?s equal toithiEiiOfle%ieftt of diadwrge vl^^ tlww 
43 no.cQnti:*ctio(a^.weiget:W sftok o^ae tW9,cQ«flB^»^, 
whiidi w^ sbttlL ftlso. laall a ofi . expressed by l^e ,ft)ri«nl» 

and! when 'the ' approaching section c/ iii' vtet'y lar^b 
compared with the area a^ 






/ 'I •11! r XI 
lii ;t irr,M,',:-iM'i 



If cj it 'M; we' shall fliid'frdm «b©i last* equation 

<J d/ss' '84^; *An*if 'i?i ::t »*Slv »/ i» •g6e.>"'ga«j© 
results ' ak^' in > excess of ^ tbo^^ deriVed fro# es^rt- 
'ftteifwilh ej^Undi'icia shoi^fci' tnWels, '^erf^tlj\^q»kp8 
»t tb,e.ei«^s,^^ipf.ftnifO|rjm,l^r?. ;A^ ^pnjp ]l?^»^,?Fr 
.ever, takes place in the eddy between or and the 
'tub'^/andft-oiii'ti'e 'Mciibn''at' ttie^ Mys,ii6rteh 
ijntoalcoottttt 'in;4he ab<¥?e caiejiilfttliwfc, ^he^/jRiiJ m- 
m^^ ^ .the,diff^rpiice8; ,of ,uot..i^or^_ ^an,fr<^.mf,4 to 

, * Wh^n the diaphragm, is placed in «tahe of uniform bore» 

ae„ a v.- '^ '^ 

and the loss of head, in passing the diaphragm, ^becomes '^^ 

It is evident fro^.llbe eqttatibns ^t -fOsA p^ defend mutually on 
e!BJdh'<yth^;anlllliatih^>'<^^t(t b^ ad»tiin6dfaiMttar)l^i S^'^^fl6iU 

(66), («r)a(jiAa>4id4^ n«l{}»Mi%»^^imimK»ri^iw 
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6 per cent, between the calculation and experiment. 
If Co be assumed for calculation equal -690, then 
cofzz, -821 ; and as this result agrees very closely 
with the experimental one, c^ should be taken of this 
value in using the foregoing formulae, from (60) to 
(63), for practical purposes. The thickness of the 
diaphragm itself and the relation of that thickness to 
the diameter, as well as the form of the orifice a, are 
necessary elements in the consideration of thisquestion. 

COEFFICIENT OF RESISTANCE. — ^LOSS OF MECHANICAL POWER 
IN THE PASSAQB OF WATER THROUGH THIN PLATES AND 
PRISMATIC TUBES. 

The coefficients of contraction, velocity, and dis- 
charge have been already defined. The ipoefficieTU of 
resistance is the ratio of the hectd due to the resistance^ 
to the theoretical head due to the actual or final 
velocity/. K t; be this latter velocity, the theoretical 

head due to it is 2^ ; and if c^ be the coefficient of 
resistance, then the head due to the resistance itself 
is, from our definition, c, x s-. Now if c^ be the 
coefficient of velocity, the theoretical velocity of dis- 
charge must be — , and the head due to it is equal 

but as the theoretical head due to v is 






n-, we shall have 

^or2^ 2^-U hff 

for the head due to the resistance ; and, therefore, 
from oar definition, the ooefficient oi resistance 
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(64.) 



c,_^-l; 



from which we shall find the coefficient of velocity 

(66.) '- = kTTf- 

These equations enable us to calculate the coefficient 
of resistance from the coefficient of velocity, and 
vice versA. If c\, = 1, c, = 0, as it should be. The 
following short table, calculated from equation (65), 
will be of use. In short tubes, the coefficient of 
velocity c; is equal to the coefficient of discharge c^. 

COEFFICIENTS OF YELOGITT AND RESISTANCE. 



Goeilleteni 
of Telodiy. 


Coeffldent 


Coeffldent 
of Telocity. 




of Telodty. 


Coefllaieni 


•990 


•020 


•910 


•208 


•830 


•452 


•970 


•063 


•890 


•263 


•820 


•488 


•950 


•109 


•870 


•320 


•814 


•508 


•930 


•156 


•850 


•38a. 


•810 


•525 



The coefficient of velocity for an orifice in a thin 
plate, or for a mouth-piece, Fig. 4, is -974 ; while 
that for a short prismatic tube, a, Fig. 24, is '814 
nearly. The coefficient of resistance in the former 
case is -054, and in the latter -508 ; there is, there- 
fore, 9-4 times as great a loss of mechanical power in 
the passage through short prismatic tubes, as through 
orifices in thin plates or tubes with a rounded junc- 
tion, as in Fig. 4, the quantities of water discharged 
and the discharging velocities being the same. 

If the quantities discharged and the heads be the 
same in both cases, then we shall have 

* See the tables of resistances, discharge, and contraction^ 
pp. 174 and 176. 
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*^** ^'' '663 1 Ig = •949x2^> ^'^ '^^^ *^ = "^^^^^ 
whehoe we getwf r= -608 t^andit^ a: i^Sl't^fot thetfeL 
lation of the discharging Velocities »„, from an oi;i%^ 
and, Vy from a short tnbe. 'The height due to the rcr 

Bi^tanpq j3 theceforei, (:^jpTil)g:^;forMflhQrt^.prter 

• iT ■■■■ '.:•;. .1-: .y 1 ,• :-. v. i;-43:l .^ i ! .^'■■>--- 'vv'A 

maUc tubes, and |:p^3-,l|.-:2^i.,fpr ^rfe^i.M^ 
tbitti 09*68.. These, a?p itQ> i^afli otheui as '608iito 
•P54.;X l;43l, ;or;,,a*,i^:Oa t9i-!?7?*i,|;hiati is .tOi.sfry, 
^Ae 2o«« of mechanical power, ayising from the re- 
siitdnce in passing IJvrqug'h^ s^ori^ttd^'tf^-'I^TlBfes 
ai grecU as when ike water passes tJvrough thin pta tes 
or mouth-pieces, as iri Fig. ^j a$d ttie discharging 
mechanical power in plates,!^ td tha{t in tubes as 
1-431 to 1, or as' 1 : '6^98, the faeids < and quantit[es 

„ The wl;iple ^08^ of p[^ecl;iafl^p9|l,jWlifejr i^,fh^,pa§?agp 
|q 5-4. per cent., for th,^p^t^^,,^n4,^b(0|^t|5^.R9ff q^lj. 
Ipp.^^rt l,ul?^s. .,,If ;j,t|e4o^ 9Qmp^^,w^t|i|the,^Mp 
Jbi^adi b^ ^^ght,>.w^.. ge^,;«Th^p:| Viii^wftbei ^jpc^^gijog 

■vieWdity^ ^t|fe fo^ «te'-thie<)(rttitoai'*eli6(jfty'a^ 

■bead So; sboirt^tubee, audi iiis >«qTiarein:c^j^s?it^ 
fe ai3 ihe'^hdl^liebd ; tfe^^fb*e;"ihe'wh6lle 'isaHSi'ik'ih 

or as 1 to •663.;/)e«idi a*,•$08;.isi)thelOQeflloianiliiQ£IH»■ 
8istance* fpr the discharging velocity, ^08 x *663 
= •337 is tile coieMciien^t df ^irdsistaii^;^ d<iei\ to the 

♦ Table, p. 171. --Vi Lmi tn ..(-i 
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>*hole 'head ; l this lid etjnal to a k)te of 84 per omh 
neirly,«6r ahoutione^thbd. ::Iaiilik^ ikiaiiner^ iwe find 
•974*'X r054!:;t 1-0512 IbnthecodflBtieiitiirlieB the dis^ 
charge takes pl^ce through thi|i plates, or 5J per 
cent, of the whole, l^ead. ; ^ 

DrAWRktiBifii "'•' ^5 •: ■'••• "'■ '"i" 
When a diaphragin(,io r, iFig; 27, is placed at the 
entranpe^ of a short tnbe, ve, h^^^^ shpvn, pa^e 168y, 

. , . . , . f4~lV . 

that a loss of head eqnal ^ — ^ — tal:es place 

when V is the dischai;ging .velocity, whence the cd- 
efi&cient of resistance is equal to (— — 1 ) ,* according 

to our definition. The coefficient of contraction c^, 
as we have before shown,, page 170^ should be j^ken 
equal to -iS 90 in the application of formula (63) ;; and, 
as it muatalso. be. taken equal to about -621 whqn the 
area ojf the tube a Is very large compared with the 
area a of the ori^ce ob^ in the diaphragm, we; may 

assume that when is eqilal to 

0,, •;!, -2, -8, -4, -5, -6, •?, '8, * '-9, ""aid 1 

successively, the coefficient c^ must be taken equal to 

•dii, -eiS, -615, -eia, -609, -606, -eOS, 'COO, -SOr. -608, and -690, 

in' the same order. As the approaching section o 

* For the sadden alteration in the velocity passing through a 
diaphragm, T^e must reject the hypothesis of D'Atthoisson, 
Traite d'Hydraulique, p. 28d, and adopt that of Navier, taking 
the loss of head to correspond to the square of the difference and 
not to the difference \of tiie squares of the Velocities in and after 
passing the orifice. The <^oefficient of contraction' must, however, 
be.<varied p ^ui|; the ratio of the i^haunels, aa it is in this and the 
foUowing pages. 
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may be considered exceedingly large, the value of 
the coefficient of discharge or velocity, as the tube 
RST is supposed full, in equation (61), becomes 






(66.) ^•=|r+(^^ 

and the coefficient of resistance 

(67.) ". = 0^-')'! 

from which equations and the above values of c«, cor- 

d 
responding to -, we have calculated the following 

values of the coefficients of discharge and resistance 
through the tube o r s t, Fig. 27. 

COEFFICIEKTS OF GONTRA.CTIOK, DISCHABGE, AND BESI8TANCE FOB DIAPHRIOMB. 



Batto 



00 
01 
0-2 
0-8 
0-4 
0-6 



•621 
•618 
•615 
•612 
•609 
•606 



•000 
•066 
•189 
•219 
•807 
•899 



infinite. 

281- 

60-8 

. 198 

9^6 

68 



BiUio 



0-6 
0-7 
0-8 
0-9 
1-0 



•608 
•600 
•697 
•598 
•690 



•498 
•687 
•676 
•758 
•821 



8-118 

1-907 

1198 

•762 

•488 



In this table c^ is the coefficient of contraction, c^ 
the coefficient of discharge, suited to the larger section 
of the pipe a, at s t ; and c, the coefficient of re- 
sistance. The discharge is found from equation (61), 
as c is here very large compared with a, to be 



(67a.) d = a \/2gh 



i+(^-i)' 



= Av/27a{j^} :=:ctk\/2gh. 
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/A \* 

The cocfBcient of resistance c, is here equal {- 1) , 

and the coeflBcient of discharge c^ = t^-t; — a-* 

The tube must be so placed, that the water, after 
passing the diaphragm, shall fill it ; for instance, 
between two cisterns, when the height h must be 
measured between the water surfaces, or when the 
tube is suflficiently long to be filled ; in this case, 
however, t?ie height must be determined from the dis- 
charging velocity^ as a portion of the head is required 
to overcome the friction, which we shall have im- 
mediately to refer to more particularly. 

The table shows that the head due to the resistance 
is 5*3 times that due to the discharging velocity, 
when the area of the diaphragm is half the area of 
the tube ; that is, the whole head required is 6-3 
times that due to the velocity, and that the coeffi- 
cient of discharge is reduced to -399, In order to 
find the coeflficients suited to the smaller area of the 
orifice in the diaphragm o r, when it is to be used in 
calculations of the discharge, we have only to divide 

a 
the numbers corresponding to -■ into those of c^, op- 
posite to them in the table. Thus, when - = -8, we 
have the coefiBcient of discharge suited to the area a, 



« For the loss sustained by contraction in the bore of a pipe 
by a diaphragm, see equations (128), (1S4), and (125). The 
actual value of c^ in equation (67a) depends on the thickness of 
the diaphragm as weU as on the relation of a and a. The form 
of the orifice a also a£fects the value of c«. 
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't«fi ftiscttAHdft 6t WA¥fiir *Rb* 



•ft75 '1- 

e4iifeLl T44'nsr844,^and bo ■<!)?■ <Hliier»Valti^ of the 




ratio - . The cceM(4«n*s wa the toWie^.pdge IH^ tare. 
%,f|ie.|^rg^.9r|%e:A ir^.%fo^mu}a p ^ ApaV 2^ A. 

». Wihem a\ tuibe: ife Ht4 
ta6hed HbfeliiquelTt^ aBi da 
Fig; )2&y li^eifcave foiind : 
Uiskk i{^ the titimbec vof' 
degrees) < in ^ ihe) atigle 
Tiib s,/;f6rii4ed by the 
direction of the'.txibe o-s; i^ith the perpendictilar o f, 
be represenWd <by '<^y then '-^M -^ ^0016 ^ TriH giv« the 
coifficientof jdisohargeo6*resJ)onding to the obliquely 
attached Bhbilt tnnbe in thei Figure. TMs forniula iby 
hoWevieityraipricalybrit it ie simple, and agrees prettjr' 
oldsciy with' expdriineiital results.' • As the coefficient 

of resistance is equal -j — 1? equation (64), we liave 

here €, — ' (.814— 'Q016<» ' ^^ ~ ^ ' ^^^ *^^^^ equations 
we' have calculated the following table for heads 
m?«.sured to the middle of the outside orifice .: — . 

COEFFICIENTS OF DI8CHAROE AND BE8ISTANCE FOR OBLIQUE JUNCTIONS. 



In degrees. 


Coefflcliii« 
bt diacharge. 


Oo^olent 
ofrMiBtance. 


In degrees. 


reeildeni 
of diicharge. 


CMttclent 
ofretUtanoe. 


OO 


•814 


•508 


85 


•768 


•740 


6 


•806 


•689 


40 


•750 


•778 


•-. ilO^ •• 


'.<-Qf0B M 


.1 'b6» 


46: 


•743 


-8W [ 


1- u-;/ 


\-i90 : 


•608' 


60 


•784 ., 


•866{ . 


^ •■.80(--.i, 


■ l-fTSfl '! 


.: .'6^ 


56 


•W6 


-ear 


as 


;. ^7U . ' 


-869; 


. ao 


. »718 


•040 


80 


•766 


'704 : 


«b ^ 


•710 


t984 
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The coefficient of resistance for a tube at right angles 
to the side, is to the like coefficient when it makes 
an angle of 45 degrees as -608 to -816, or as 1 to 1-6 
nearly ; and the loss of head is greater in the same 
proportion. If the short tube be more than three or 
four diameters in length, friction will have to be taken 
into account. The head h is measured to the outside 
orifice. 

FORMULA FOR FINDING THE TIME THE SURFACE OF WATER 
IN A CISTERN TAKES TO SINK A GIVEN DEPTH. — DIS- 
CHARGE FROM ONE VESSEL OR CHAMBER INTO ANOTHER. 
— ^LOOK CHAMBERS. 

In experiments for find- 
ing the value of the coeffi- 
cients of discharge, one of 
the best methods is to ob- 
serve the time the water 
discharged from the orifice 
takes to sink the surface in a prismatic cistern a given 
depth ; the ratio of the observed to the theoretical 
time will then give the coefficient sought. A formula 
for finding the theoretical time is, therefore, of much 
practical value. In Fig. 29, the time of falling from 
* < to s T, in seconds, is 

(68-) ' = 4^0iM^ ((*+/>*-**}' 

in which a is the area of the orifice o b, and a the 
area of the prismatic vessel at «^ or st; this formula is 
for measures in feet. For measures in inches, we have 

(69.) '=IB^{(^ +/)'-**}• 

ExAJCPLE VII. A cylindrical vessel 5*74 inches in 
diameter has an oryice *2 mcA in diameter at a depth 
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oflQ inches belov) the surface^ measured to the centre; 
it is found that the water sinks A: inches in 61 seconds; 
what is the coefficient of discharge ? 

The theoretical time t is found from equation (69), 
equal 

6-74^X-7854 ,,,, ,^,, 32-9476,, o.^.i> 
13 9 X 2-x '7 TOn6^-^^^}=-^55^i^'^'^^^^> 

17-6566 ,,_ ^, ^ ^ ^ 31-8 ^^. 

= .g^g X -5359 =3 1-8 seconds; hence,-gj--=:-624 

is the coeflScient sought. When the orifice o r and 
the horizontal section of the vessel are similar figures, 

A S T^ 

- is equal — a ; and therefore, for circular cisterns 

and orifices, it is unnecessary to introduce the mul- 
tiplier -7854. 

We have given above, formulae for the time water in 
a prismatic vessel takes to fall a given depth, when dis- 

Fig. 29a. 



charged from an orifice at the side or bottom. The time 

' the surface s t, diagram 1, Fig. 29^^, takes to rise 

to s t, when supplied through an orifice or tube o r, 

from an upper large chamber or canal, whose surface 

2A/i ^ 
s t! remains always at the same level, is 7o=> 

* The time of rising from s to « is exactly double the time it 
would take, if the pressure/ remained uniform, to fill the same 
depth hehvD b. 
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and we thence get the time of rising from b to s for 
measures in feet 

and for measures in inches 

in which a is the area of the horizontal section at s t ; 
a the sectional area of the communicating channel or 
orifice o b ; c^ the coefiScient of discharge suited to it, 
and Ai and^ as shown in the diagram. 

In order to find the time of filling the lower vessel 
to the level s t, supposing it at first empty, we have 
the contents of the portion below o b equal to a^ 
and the time of filling it equal to 

(^^^•) 8-025c,aAi5 

then the time of filling up to any level s t, for mea- 
sures in feet, is equal to the sum of (a) and (c) ; 
that is, 
,^^ X aAJ (^ Aa 2^*) 

_ A(2Ai + Aa-2/*A*) 
- 8025 C40 At » 
and for measures in inches 

_ A(2Ai+A,-2/*;^ 

- 27-8 Caa^ • 
When ST coincides with $t 

for measures in feet, and 

MS 
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(^^^•) ^ - 27-8 c,ah\ > 

for measures in inches. These equations are ex- 
actly suited to the case of a closed lock-chamber 
filled from an adjacent canal. 

When the upper level s' t' is also variable, as ia 
Diagram 2, the time which the water in both vessels 
takes to come to the same uniform level slfst/ia 
/69h^ ,- 2ac(A,+/,-A)* ^ 2ac(/+/,)^ . 
^ -^ "" c,a(A+o)\/2^ c,a(A+c)v/2(7' 
in which Ai + yi — A = / + ^ is the difference of 
levels at the beginning of the flow ; o the horizontal 
section of the upper chamber ; and the other quanti- 
ties as in Diagrani !• As c^ = a/ we find 

Now, in order to find the time of falling a given 
depth d below the first level s' t', we have the head 
above s'tfst equal to^i — rf in the upper vessel, and 
the depth below it in the lower vessel equal to 

-^ ; whence the difference of levels in the two 

vessels at the end of the fall e/, is 

/i— « + — ^ — — -7— C/i- «)• 

The time of falling through d is, therefore, from 
equation (69 h), 

^ '' Caa(A+c)\/25r c^a^k -\- o)\/2g 
2ac j..,..,). / (A + o)(/x-^ N*j 



Digitized by VjOOQ iC 



ORinOSS, WEIBS, FIFES, AND HIVEB8. 181 

in which >/Tg = 8*025 for measures in feet, and 
equal 27*8 for measures in inches. The whole time 
of filling to a level the lower empty vessel, is found 
by adding the time of filling the portion below r, de- 
termined in a manner similar to equations (68) and 
(69) to be 

<«"^) ^{f*- +•«'-(*•+/■-¥)'}• 

to the time of filling above b, given in equation (h), 
when A is taken equal to zero. Equations (h), (i), 
and (k) are applicable to the case of the upper and 
lower chambers of a double lock, after making the 
necessary change in the diagrams. 

The above equations require further extensions 
when water flows into the upper vessel while also 
flowing from it into the lower ; such extensions are, 
however, of little practical value, and wo therefore 
omit them. For sluices in flood-gates with square 
arrises, c^ may be taken at about -645, but with 
rounded arrises, the coefiScient will rise much higher. 
See Sections III. and VI. 
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SECTION vm. 

FLOW OF WATER IN UNIFORM CHANNELS. — MEAN VBLOCITT. 

MEAN RADII AND HYDRAULIC MEAN DEPTHS. — BORDER. 
— ^TRAIN. — HYDRAULIC INCLINATION. — EFFECTS OF FRIC- 
TION. — FORMULiB FOR CALCULATING THE MEAN VELOCITY. 
— APPLICATION OF THE FORMUUE AND TABLES TO THE 
SOLUTIONS OF THREE USEFUL PROBLEMS. 

In rivers the velocity is a maximum along the 
central line of the surface, or, more correctly, over 
the deepest part of the channel ; and it decreases 
thence to the sides and bottom : but when backwater 
arises from any obstruction, either a submerged 
weir, Fig. 22, or a contracted channel, Fig. 23, the 
velocity in the channel approaching the obstruction 
is a maximum at the depth of the backwater below 
the surface, and it decreases thence to the surface^ 
sides, and bottom. When water flows in a pipe of 
any length, the velocity at the centre is greatest, and 
it decreases thence to the sides or circumference of 
the pipe. If the pipe be supposed divided into two 
portions in the direction of its length, the lower por- 
tion or channel will be analogous to a small river 
or stream, in which the velocity is greatest at the 
central line of the surface, and the upper portion will 
be simply the lower reversed. A pipe flowing full 
may, therefore, be looked upon as a double stream, 
and we shall soon see that the formulae for the dis- 
charge from each kind are all but identical, though a 
pipe may discharge full at all inclinations, while the 
inclinations in rivers or streams, having uniform 
motion, never exceed a few feet per mile. 



Digitized by VjOOQ iC 



OBIPICES. WEIRS, PIPES, AND BIVERS. 183 



MEAN VBLOCITY. 



It is found, by experiment, that the mean velocity 
is nearly independent of the depth or width of the 
channel, the central or maximum velocity being the 
same. From a number of •experiments, Du Buat 
derived empirical formulee equivalent to 

t^=-f^=v_ v*+l, v,=(v* - !)•, and v=(vS+l)» ; 

in these equations v is the mean velocity, v the max- 
imum surface velocity, and Vb the velocity at the 
sides, or bottom, expressed in French inches. Tables 
calculated from these formulae do not give correct 
results for measures in English inches, though they 
are those generally adopted. Disregarding the dif- 
ference in the measures, which are as 1 to 1-0678, it 
will be found that, in the generality of channels, the 
mean velocity is not an arithmetical mean between 
the velocity at the central surface line and that at 
the bottom, though nearly so between the mean 
bottom and mean surface velocities. Dr. Young,* 
modifying Du Buat's formula, assumes for English 
inches that t; -f i;* = v, and hence t; = v + 4— (v -f i)*. 
This gives results very nearly the same as the other 
formula for v, but something less, particularly for 
small surface velocities. For instance, Du Buat's 
formula gives 5 inch for the mean velocity when 
the central surface velocity is 1 inch, whereas Dr. 
Young's makes it -38 inch. For large velocities both 
formulae agree very closely, disregarding the differ- 
ence between the measures, which is only seven per 

* Philosophical Transactions, 1S08, p. 487. 
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cent. They are best suited to very small channels or 

pipes, but unless at mean velocities of about 3 feet 

per second, they are wholly inapplicable to rivers. 

Prony found, from Du Buat's experiments, that 

. . ^ /2-37187+Vx . , . , 

for measures m metres v =(^ q .goio-Lv / ^> ^^ which 

V is also the maximum surface velocity. This, re- 
duced for measures in English feet, becomes 

and for measures in English inches, 
/Ti N / 93-39 + Y ^ 

For medium velocities v = -81 v. The experiments 
from which these formulae were derived were made 
with small channels. We have calculated the values 
of V from that of v, equation (71), and given the 
results in columns 3, 6, and 9, in Table VII. 
Ximenes, Funk, and Briinning's experiments in 
larger channels give the mean velocity at the centre 
of the depth equal -914 v, when the central or 
maximum surface velocity is v ; but as the velocity 
also decreases in nearly the same ratio at the surface 
from the centre to the sides of the channel, we shall 
get the mean velocity in the whole section equal 

* Francis, Lowell Experiments,*p. 150, finds this formula to 
give 1 5 per cent, less than the result found by weir measurement 
from the formula d = 3-33 (i — 'In h) hi, the quantity discharged 
being about 250 cubic feet per second, and the velocity about 3*2 
feet. It appears, however, that Francis uses the mean surface 
velocity, and not the maximum surface velocity required by the 
formula : if the latter were used, the difference would be reduced 
to 6 per cent, or thereabouts, in equation (72). 
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•914 X '914 V = -835 v ; and hence we have, for 

large channels, 

(72.) V = '835 V, 

in which equation v is the maximum Delodity at the 

surface. We have also calculated the values of v 

from this formula, and given the results in columns 

2, 6, and 8 of Table VIL This table will be found 

to vary considerably from those calculated from Du 

Bu&t's formula in French inches, hitherto generally 

used in this country, and much more applicable for 

all practical purposes. 

MEAN BADIUB. — HTDBAULlO MEAN DEPTH. — BOEDSB. — 
COEFFICIENT OF FBIGTION. 

If, in the diagrams 1 and 
2, Fig. 30, exhibiting the 
sections of cylindrical and 
rectangular tubes filled with 
flowing water, the areas be 
divided respectively by the perimeters a o b d A and 
A B D G A, the quotients are termed " tlie mean radii'* 
of the tubes, diagrams 1 and 2 ; and the perimeters 
in contact with the flowing water are termed ^^the 
borders.'* In the diagrams 3 and 4, the surface A b 
is not in contact with the channel, and the width of 
the bed and sides, taken together, a o d b, becomes 
" the border.*' " The mean radius " is equal to the 
area a b d c a divided by the length of the border 
A G D B. " The hydraulic mean depth '* is the same 
as " the mean radius^' this latter term being perhaps 
most applicable to pipes flowing full, as in diagrams 
1 and 2 : and the former to streams and rivers which 
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have a surface line a b, diagrams 3 and 4. We shall, 
throughout the following equations, designate the 
value of the " mean radius," " hydraulic mean depth," 

area a b d c a , , . , . 

or quotient, border bdoa ^* ^^ *^® ^^^^^ "■' remarking 

here that^r cylindrical pipes flowing JuUj or rivers 
tvith semicircular beds, it is always equal to half the 
radius J or one-fourth of the diameter. 

Du Buat was the first to observe that the head 
due to the resistance of friction for water flowing in 
a uniform channel increased directly as the length of 
the channel /, directly as the border, and inversely 
as the area of the cross-flowing section,! very nearly ; 

/ 

that is, as -• It also increases as the square of the 

velocity, nearly; therefore the head due to the re- 
sistance must be proportionate to a — . If Cf X « — ' 

= hf, then Ct is the coeflBcient for the head due to the 
resistance of friction, as Af is the head necessary to 
overcome the friction; Cf is therefore termed " the co- 
efficient of friction,*' 

* M. Girard has conceived it necessajy to introduce the coeffi- 
cient of correction 1*7 as a multiplier to the border for finding r, 
to aUow for the increased resistance from aquatic plants ; so that, 
according to his reduction, 

area 
"■ 1*7 border' 
See Ronnie's First Report on Hydraulics as a Branch of En- 
gineering ; Third Report of the British Association, p. 167 ; also, 
equation (85), p. 201. 

t Pitot had previously, in 17S6, remarked that the diminution 
arising from friction in pipes is, cateris paribus, inversely as the 
diameters* 
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HYDRAULIC INCLINATION. — TRAIN. 

If / be the length of a pipe or channel, and A, the 
height due to the resistance of friction of water 

flowing in it, then 4 is the hydraulic inclination. In 
Fig. 31 the tabes a b, c d, of the same length /, and 




whose discharging extremities b and d are on the 
same horizontal plane b d, will have the same hy- 
draulic inclination and the same discharge, no matter 
what the actual inclinations or the depth of the en- 
trances at A and c may be, so they be of the same 
kind and bore ; and as the velocities in a b and c d 
are the same, the height h due to them must be the 
same when the circumstances of the orifices of entry 
A and c are alike. We have the whole head h = A + 
hf (see pp. 166 and 167). The hydraulic inclination is 
not therefore the whole head h, divided by the length 
/ of the pipe, as it is sometimes mistaken, but the 
height hg (found by subtracting the height A, due to 
the entrance at a or c, and the velocity in the pipe, 
from the whole height) divided by the length /. 
When the height h is very small compared with the 
whole height h, as it is in very long tubes with 

H h 

inoderate heads, j may be substituted for y without 

error ; but for short pipes up to 100 feet in length 
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the latter only should be used in applying Du Buat's 
and some other formulae ; otherwise the results will 
be too large, and only fit to be used approximately 
in order to determine the height h from the velocity 
of discharge thus fonnd. When the horizontal pipe 
D, Fig. 32, is equal in every way to the inclined 




pipe A B, and the head at a is that due to the velocity 
in c D, the discharge from the pipe a b will be equal 
to that from c d ; but a peculiar property belongs 
to the pipe a b in the position in which it is here 
placed ; for if we cut it short at any point e, or 
lengthen it to any extent^ to e, the discharge wiU re-- 
main the same and equal to that through the hori^ 
zontalpipe c d. The velocity in a b at the angle of 
inclination a b c, when a c = A,, and a b = c d, is 
therefore such that it remains unaffected by the 
length A E or A c, to which it may be extended or 
cut short ; and at this inclination the water in the 
pipe AB is said to be ^^ in train.'' In like manner a 
river or stream is said to be *^ in train " when the 
inclination of its surface bears such a relation to 
the cross section that the mean velocity is neither 
decreased nor increased by the length of the chan- 
nel ; and we perceive from this that the acceleration 
caused hy the ifwlination is exacdy counierbalanced 
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by the resistances to the motion when the moving water 

in a pipe or river channel is in train. 

v^ 
As A = (1 + c,) 2— where c, is the coefficient of 

the height dae to the resistance at the orifice of entry 
A or c, and h^ = c^ s— -, we therefore get 



^gr^ 



(73.) H = (l+cO^ + c,X2^=.(l+c, + c,-)g, 
and hence we find the mean yelocity of discharge 



Ixt^ 



(74.) V = 



2yH 



1 + c, + c, 



/ r 



7X2yH 



or. 



(74a.) 



» = 



(l+c,)--+/ 
2<7Hr ^J 



2^H -ji r 2<yHr ^ 



as cj = ^ , p equation (65). We have also 

(74..) ^^v'Vi-xJT^j', 

the values of the second member on the right hand 
side of this equation, or of 

1 u 



I 



1 . ' 

d + ^'Xr 



I . 



are given, for different values of c^ c^, and -, in the 
small table at p, 152, and below at p. 191. 
When h is small compared with h^ or, which comes 

to the same thing, 1 + c, small compared with c, x -♦ 
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(76.) H = C,X2^, 

and 

(76.) 



-I*?!' 



If^ in the lost equation^ we substitute s for j, equal 

the ^ine of the angle of inclination a b o, we then 
have 

(77-) ^^ = ("Vl • 

The average value of c, for all pipes with straight 
channels, with velocities of about 1-6 foot per second, 
is -0069914, from which we find equation (77) be- 
comes, for measures in feet, 

(78.) t; = 96 \/r7. 

As the mean value of the coeffici^t of resistance c, 
for the entrance into a tube is "608, and as 
2ff = 64-403, and c, = 0069914, equation (74), for 
measures in feet, becomes 

[ 64-403 H 
*=i, ... . l\ >0T 



1-608 -I- 0069914- 

r J 



(79.) 



, '' .. . 

^"l-0234r+000i085/J '"^^^l234r+l-085/J 

This, multiplied by the section, gives the discharge. 

For velocities between 2 and 2i feet per second, 
c, = -0064403, and therefore 
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7] = ^^{ss^/l > 



* - I0234r + -0001 
in which c? = 4 r = diameter of a pipe. 
The following table is calculated from equation 



Values op ■ 



l?. + ^'^rj 



Number of dUuno- 

ten In the length 

of the pipe. 


ento of diadurge. 


Number of dUme- 

ten in the length 

of the pipe. 


entf of dlachnrge. 


a diameterB 


•986 


814 


•715 


900 diameters 


•239 


236 


•233 


5 


•967 


791 


•698 


950 


•234 


230 


•227 


10 


•919 


769 


•683 


1000 


-228 


•225 


•222 


15 „ 


•886 


•749 


•669 


1100 „ 


-218 


•216 


•213 


20 „ 


•855 


•731 


•656 


1200 „ 


-209 


207 


•205 


25 


•828 


•713 


•643 


1400 


•194 


192 


•191 


30 


•804 


'698 


•632 


1600 „ 


•182 


180 


•179 


85 


•781 


•688 


•620 


1800 


•17a 


171 


•170 


40 


•760 


668 


•610 


2000 ., 


•163 


162 


•161 


45 


•741 


655 


•600 


2200 


•166 


155 


•164 


50 


•723 • 


643 


•590 


2400 „ 


•149 


149 


•148 


100 


•595 


548 


•514 


2600 „ 


•144 


143 


•142 


150 


•618 


485 


•462 


2800 


•139 


138 


•137 


200 „ 


•464 


440 


•422 


3000 


134 


133 


•133 


250 


•424 


405 


•391 


3200 


130 


129 


•129 


300 


•392 


378 


•366 


3400 


126 


125 


•125 


360 


•867 


356 


•345 


8600 


•122 


121 


•121 


400 


•846 


•386 


•329 


3800 „ 


•119 


119 


•118 


460 


•329 


319 


•314 


4000 ., 


116 


116 


•115 


500 


•314 


•307 


•300 


4200 „ 


•113 


113 


•113 


550 


•301 


295 


•289 


4400 „ 


•111 


111 


•111 


600 


•289 


283 


•278 


4600 „ 


•108 


108 


•108 


650 


•279 


273 


•269 


4800 ., 


106 


106 


•106 


700 


•269 


265 


•261 


5000 „ 


•104 


104 


•104 


750 


•261 


257 


•253 


5200 


•102 


102 


•102 


800 


•253 


249 


•246 


5400 „ 


•100 


100 


•100 


850 


•246 


242 


•239 


5600 


•098 


098 


•098 
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(74b) for a velocity of about 20 feet per second, 
when Ct = -004566, and for different orifices of entry, 
in which c^ varies from -986 for a rounded orifice, 
to -715 when the pipe projects into the vessel. It 
gives directly the coeflBcient, which, multiplied by 
\/2ff H, gives the velocity in the pipe, taking friction 
into account. 

The small table, Section VI., p. 152, gives the like 
coeflBcients of \/2^h in equation (74b), when c^ = 
•00699 suited to a velocity of about 18 inches per 
second, and can be applied in like manner. The 
value of \/2^H is given, in inches, in column 2, 
Table II. For feet it is equal 8\/i nearly, 

DU BUAT^S FORMULA. 

The coefficient of friction c, is not, however, con- 
stant, as it varies with the velocity. That which 
we have just given answers for pipes when the 
velocity is 20 feet per second. For pipes and 
rivers it is found to increase as the velocity de- 
creases ; that is, the loss of head is proportionately 
greater for small than for large velocities. Du Bu&t 
found the loss of head to be also greater for small 
than large channels, and applied a correction accord- 
ingly in his formula. This, expressed in French 
inches, is 

(80.).= ., ^"<-'-y . -3(^-1). 

(A)'- hyp. log. (i + 16) 

maintaining the preceding notation, in which * = r. 

In this formula -1, in the numerator of the first term, 
is deducted as a correction due to the hydraulic 
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mean depth, as it was found that 297 (rJ — 01) agreed 

more exactly with experiment than 297 ri simply. The 

/I \* 

secondtermhyp.log. (- + 1-6 ), of the denominator 

is also deducted to compensate for the observed loss 
of head being greater for less velocities, and the last 
term -3 (r* — -1) is a deduction for a general loss of 
velocity sustained from the unequal motions of the 
particles of water in the cross section as they move 
along the channel. These corrections are empirical ; 
they were, however, determined separately, and after 
being tested by experiment, applied, as above, to the 
radical formula v z= 291\/rs. 

Du Buat's formula was published in his Principes 
d'Hydraulique, in 1786. It is, as we have seen, 
partly empirical, but deduced by an ingenious train 
of reasoning and with considerable penetration from 
about 125 experiments, made with pipes from the 
19 th part of an inch to 18 inches in diameter, laid 
horizontally, inclined at various inclinations, and 
vertical ; and also from experiments on open chan- 
nels with sectional areas from 19 to 40,000 square 
inches, and inclinations of from 1 in 112 to 1 in 
36,000. The lengths of the pipes experimented with 
varied from 1 to 3, and from 3 to 3600 feet. 

In several experiments by which we have tested 
this formula, the resulting velocities found from it 
were from 1 to 5 per cent, too large for small pipes, 
and too small for straight rivers in nearly the same 
proportion. As the experiments from which it was 
derived were made with great care, those with pipes 
particularly so, this was to be expected. Expe- 
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riments with pipes of moderate or short lengths 
should have the circumstances of the orifice of entry 
from the reservoir duly noted ; for the close agree- 
ment of this formula with them must depend a great 
deal, in such pipes, on the coefficient due to the 
height hy which must be deducted from the whole 

head h before the hydraulic inclination, -j —Sy can 

be obtained ; but for very long pipes and uniform 
channels this is not necessary. 

The experiments from which Du Buat's formula 
was constructed are given in full by the late Dr. 
Robinson in his able article on "rivers" in the 
Encyclopaedia Britannica, pp. 268, 269, and 270, 
where the calculated and observed velocities are 
placed side by side in French inches per second. In 
all these experiments Du Buat carefully deducted 
the head due to the velocity and orifice of entry before 
finding the hydraulic inclination ^, and those who 
attempt to calculate the velocity from the head and 
length of the channel only, without making this 
deduction, will find their calculated results very dif- 
ferent from those there given. K there were bends, 
curves, or contractions, deductions would have to be 
made for these in like maimer before finding s. 

Under all the circumstances, and after comparing 

the results obtained from various other formulae, we 

have preferred calculating tables for the values of v 

from this formula reduced for measures in English 

inches, which is 

306-596 (r* - -1032) ^^^, , ^ , ^,^, 

t^=-Y-| ^ 1 — * — -2906 (r* — -1032), 

(7)-typ.iog.(-+i-6) 
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or more simply, 

fa■^^ 307(r»— 1) 

(81.) t, = -j-j L_^^ -_.3(H-.i). 

(i) -hyp. log. (i+ 1.6) 

This gives the value of t? a little larger than the 
origiiial formula, but the difference is immateriaL 
For measures in English feet it becomes 
(82.) .= 88-51(r>-.03) _ .^^ ^^ _ ,^^^ 

(-) -hyp. log.(- + 1-6) 

The results of equation (81) are calculated for 
different values of s and r, and tabulated in Table 
Vlll., the first eight pages of which contain the 
velocities for values of r varying from -^th inch to 
6 inches ; or if pipes, diameters from ^ inch to 
2 feet, and of various inclinations from horizontal to 
vertical. The last five pages contain the velocities 
for values of r from 6 inches to 12 feet, and with 
falls from 6 inches to 12 feet per mile. 

Example Yin. A pipsy 1} inch diameter and 
100 feet lonff, has a canetant head of 2 feet over the 
discharging extremity ; what is the velocity of dis- 
charge per second ? 

The mean radius r = - — - inches, and — = 50 =-, 

4 8 '2 5' 

is the approximate hydraulic inclination. At page 2 
of Table YIIL, in the column under the mean radius 

-, and opposite to the inclination 1 in 50, we find 

30 '69 inches for the velocity sought. This, however, 
is but approximative, as the head due to the velocity 
should be subtracted from the whole head of 2 feet, 
before finding the true hydraulic inclination. This 

oS 
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head depends on the coefficient of resistance at the 
entrance orifice, or the coefficient of discharge for a 
short tube. In all Du Boat's experiments this latter 
was taken at -8125, but it will depend on the nature 
of the junction, as, if the tube runs into the cistern, 
it will become as small as -715 ; and, if the junction 
be rounded into the form of the contracted vein, it 
will rise to -974, or 1 nearly. In this case, the co- 
efficient of discharge may be assumed -SIS,* from 
which, in Table II., we find the head due to a velo- 

7 

city of 30-69 inches to be 1- = 1*87 inch nearly, 
which is the value of h ; and hence, h — A = A, = 24 
-1-87=2213 inches ; and^ = ^^^ = 54-2 = ^ 
the hydraulic inclination, more correctly. With this 

8 

new inclination and the mean radius -, we find the 

velocity by interpolating between the inclinations 
1 in 60 and 1 in 60, given in the table to be 
30-69 — 1-34 = 29-35 inches per second. This 
operation may be repeated until v is found to any 
degree of accuracy according to the formula ; but it 
is, practically, unnecessary to do so. If we now wish 
to find the discharge per minute in cubic feet, we can 
easily do so from Table IX., in which, for an inch 
and a half pipe, we get 

Inches. Cubic Feet. 

For a velocity of 20-00 per second, 1-22718 per minute. 
9-00 „ „ -66228 „ 
•80 „ „ -OlSdl „ 
•04 „ „ -00246 „ 



29-34 „ „ ,1-80027 
* See Example 16, pp. 28, 80. 
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• 

The discharge found experimentally by Mr. Provis, 
for a tube of the same length, bore, and head, was 
1-745 cubic foot per minute. 

If we suppose the coefficient of discharge due to 
the orifice of entry and stop-cock in Mr. Provis's 
208 experiments* with li inch lead pipes of 20, 40, 
60, 80, and 100 feet lengths, to be -716, the results 
calculated by the tables will agree with the experi- 
mental results with very great accuracy, and it is 
very probable, from the circumstances described, 
that the ordinary coefficient -815 due to the entry 
was reduced by the circumstances of the stop-cock 
and fixing to about -715 ; but even with -815 for the 
coefficient, the diflference between calculation and 
experiment is not much, the calculation being then 
in excess in every experiment, the average being 
about 5 per cent., and not so much in the example 
we have given. 

Table VIII. will give the velocity, and thence the 
discharge, immediately, for long pipes, and Table X. 
enables us to calculate the cubic feet discharged per 
minute, with great facility. For rivers, the mean 
velocity, and thence the discharge, is also found with 
quickness. See also Tables XI., XII., and XIII., 
and the table at pp. 42 and 43. 

Example IX. A watercourse is 7 feet wide at the 
hotiomy the length of each sloping side is 6'8 feet^ the 
width ai the surface is 18 feet^ the depth 4 feety and 
the inclination of the surface 4 inches in a mile ; what 
is the quantity flowing down per minute f 

* Transactions of the Institution of Civil Engineers, pp. SOI, 
dlO, vol ii. 
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(18 4- 7) X — 

Hrrr ^ — 5L=2-4272 feet=29126 inches 

±iere 7^2x6-8 ""20-6 

zzvy is the hydraulic mean depth ; and as the fall is 
4 inches per mile, we find at the 11th page of Table 
Vm., the velocity v = 12-03 - -16 = 11-87 inches 
per second ; the discharge in cubic feet per minute 
is, therefore, 

50 X — X 60 = 2967-5. 

12 



If 94-17\/Ti = v, we have v = 94-17^/^2 427 + 



16840 

= 94-17 X y^ =^=in feet = 1404 inches. 

^26 80*7 

Watt, in a canal of the fall and dimensions here given, 
found the mean velocity about 13 1 inches per second. 
This corresponds to a fall of 5 inches in the mile, 
according to the formula. Du Bust's formula is less 
by 12i per cent, or |th ; the common formula too 
much by 6 per cent. 

In one of the original experiments with which the 
formula was tested on the canal of Jard, the mea- 
surements accorded very nearly with those in this 

example, viz. - = 15360, and r zz 29*1 French 
s 

inches ; the observed velocity at the surface was 

15*74, and the calculated mean velocity, from the 

formula, 11-61 French inches.* Table VIL will 

give 12-29 inches for the mean velocity, corre- 

* These measures reduced to inclies, give r s= 81*014, v s 
13*374 ; and the surface velocity 16*776 inches ; reduced for mean 
velocity 18*101 inches. 
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spending to a superficial velocity of 15*74 inches. 
This shows that the formula also gives too small 
a value for v. in this case, by about rrth of the 

result, it being about — part in the other. The 

8*3 

probable error in the formula applied to straight 
dear rivers of about 2 feet 6 inches hydraulic mean 
depth is nearly i^th or 8 per cent, of the tabu- 
lated velocity, and this must be added £or the more 
correct result ; the watercourse being supposed 
nearly straight and free from aquatic plants. 

Notwithstanding the differences above remarked 
on, we are of opinion that the results of this formula, 
which we have calculated and tabulated, may be 
more safely relied on as applied to general prac- 
tical purposes than most of those others which we 
shall proceed to lay before our readers. Rivers or 
watercourses are seldom straight or clear from weeds, 
and even if the sections, during any improvements, 
be made uniform, they will seldom continue so, as 
^^ the regimen,'' or adaptation of the velocity to the 
tenacity of the banks, must vary with the soil and 
bends of the channel, and can seldom continue per- 
manent for any length of time unless protected. 
From these causes a loss of velocity takes place, 
difficult, if not impossible, to estimate accurately, but 
which may be taken at from 10 to 16 per cent, of 
that in the clear unobstructed direct channel ; but be 
this as it may, it is safer to cahtdate the drainage or 
mechanical results cbtainable from a given faU and 
river channel^ from formtdce which give lesser ^ than 
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from those which give larger velocities. This is a 
principle engineers cannot too much observe. 

We have before remarked, that for both pipes and 
rivers the coefficient of resistance increases as the 
velocity decreases. This is as much as to say, in the 
simple formula for the velocity, v = m \/rs^ that m 
must increase with v, and as some function of it. 
This is the case in Table VIII., throughout which the 
velocities increase faster than \/r, the \/F, or the 
y/Tsl In all formulae with which we are acquainted 
but Du Buat's and Young's, the velocity found is con- 
stant when \/rs'or r X s is constant. In Du Buat's 
formula for r x s constant, v obtains maximum 
values between r = f inch and r = 1 inch ; the dif- 
ferences of the velocities for different values of r 
above 1 inch, r x * being constant, are not much. 
We may always find the maximum value, or nearly 
so, by assuming r = | inch, and finding the corre- 

^ f s 
sponding inclination from the formula -g-, which is 

equal to it. For example, if r = 12 inches, and s z= 

— -, the velocity is found equal 9*52 inches ; but 

when r * is constant, the inclination s corresponding 

4 X 12" 1 

to r = £ inch is ^ ^ ,^^^^ =-t> from which we find 

* 8 X 10560 66O' 

from the table t? = 10-26 inches for the maximum 
velocity, making a difference of fully 7 per cent. 

When r = -01 of an inch, or a pipe is ^Vth part 
of an inch in diameter, Du Bu&t's formula fails, but 
it gives correct results for pipes ith of an inch in 
diameter, and two of the experiments from which it 
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was derived were made with pipes 12 inches long and 
only iVth part of an inch in diameter. 

Coulomb having shown that the resistance opposed 
to a disc revolving in water increases as the function 
av '\-bt^ of the velocity v, we may assume that the 
height due to the resistance of friction in pipes and 
rivers is also of this form ; and that 

(83.) h,zz{av + b^)l^, 

and consequently^ 

(84.) rs = av + bv',mdv=^Y + ^^^^. 

GiRARD first gave values to the coefficients a and b. 
He assumed them equal, and each equal to -0003104 
for measures in metres^ and thence the velocity in 
canals^ 

(85.) V = (3221-016 r* + •25)» — -6 ;* 
which reduced for measures in English feet becomes 
{V = (10567-8 r* + 2-67)*— 164, or 
103 \/rl — 1-64, nearly. 
The value of a = b = -0003104 was obtained by 
means of twelve experiments by DuBuat and Chezy. 
Of course the value is four times this in the original, 
as we use the mean radius in all the formulae instead 
of the diameter. This formula is only suited for 
very small velocities in canals, between locks, con- 
taining aquatic plants ; it is inapplicable to rivers 
and channels in which the velocity exceeds an inch 
per second. 

Front found from thirty experiments on canals, 

* See Brewster's Encyclopedia, Article Hydrodynamics, p. 359. 



Digitized by VjOOQ iC 



(«"•) i::' 



202 THE DISCHABGE OF WATER FBOM 

that a = 000044450 and ft = 000309314,* for mear 
sures in metres, from which we find 
(87.) V - (3232-96 r* + -00516)* — -0719 ; 
this reduced for measures in English feet is, 

iv = (10607-02 r# + -0666)»— -236 ;t or 
^ *^ U = 103 \/r* — -24 nearly: 
the velocities did not exceed 3 feet per second in the 
experiments from which this was derived. 

For pipes, Prony found,J from fifty-one experi- 
ments made by Du Bu&t, Bossut, and Oouplet, with 
pipes from 1 to 6 inches diameter, from 30 to 7,000 
feet in length, and one pipe 19 inches diameter and 
nearly 4,000 feet long, that a = -00001733, and b 
= -0003483, from which values 
(89.) V = (2871-09r# + -0006192)*— -0249, 
for measures in metres, and for measures in English 
feet 

ft? = (9419-76 rj+ -00666)*— -0816; or 
^ -^ U z= 97 v/r*— -08 nearly. 

Prony also gives the following formula applicable 
to pipes and rivers. It is derived from fifty-one 
selected experiments with pipes, and thirty-one with 
open channels : 
(91.) V = (3041-47 r J + -0022066)* — -0469734,g 

* Eecherches Fhysii^-Matli^iiiatiques snr la Throne des £aax 
Gourantes. 
f For candla contaming aquatic plants, reeds, &c., we most snb- 

stitute rpj for r. See note, p. 186. 

X Becherches Fhjsico-Math^matiques Bur la Th6orie da Mouve- 
ment des Eaux Gourantes, 1804. 

§ Becherches Physico-Math^matiques sur la Thiorie des Eaux 
Gourantes. A reduction of this formula into English feet is given 
at page 6, Article Hydrodynamics, Encyclopedia Britannica; at 
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TABLE of the fifty-one Experiments referred to in Equation (89), tJu 
value ff gin the eixth being taien at 9*8088 metres. 

It wlllbe peiwiTed that Trouj did not take Into calculation, in framing hia ftnniila, the hea^ 
dne to the Telooitj in the pipe and to the orifice of entry. 



1 


^1 

4 




^1 

k 


1! 
11 




Experimental 

▼alnee of the 

▼elocity 9 in 

metres. 




1 


Da BuM 


•0041 


•0271 


19-96 


•000Sl4 


•0480 


-042: 


2 


Couplet 


•loll 


•1368 


2280^87 


•000404 


•0544 


-069: 


8 


Couplet 
DuBuftt 


•8068 


'1368 


2280^d7 


•000628 


•0864 


•092; 


4 


•0185 


•02707 


19-95 


•000469 


•0980 


•092( 


6 


Conplet 


•4684 


•1338 


2280^37 


•000590 


•1117 


•126; 


6 


Couplet 


•6106 


•1338 


2280-37 


•000638 


•I8ai 


•13a 


7 


Couplet 


•6497 


•1333 


2280-^ 


-000670 


•1411 


•143i 


8 


Couplet 
Du Budt 


•6767 


•1388 


2280-37 


•000688 


•1441 


•146' 


9 


•0189 


•0271 


8-76 


-001426 


•2862 


•289 


10 


Dn Bndt 


•1187 


•0271 


8-76 


•001188 


•2826 


•308 


11 


Du Buat 


•1137 


•0271 


8-75 


•001309 


•2888 


•808 


12 


Boeeut 


•1088 


•0271 


16-24 


•001387 


•3808 


•836 


18 


Boflsat 


•8248 


•0861 


68-47 


•001446 


•8400 


•366 


14 


Du Bndt 


•1606 


•0271 


19-96 


•001482 


•3604 


•371 


16 


Bossut 


•8248 


•0361 


48-76 


•001649 


•8807 


•891 


16 


DaBuHt 


•2106 


•0271 


19-95 


•001713 


•4091 


•428 


17 


B088Ut 


*8248 


•0861 


38-98 


•001687 


•4866 


•440 


18 


Du Buat 


•2426 


•0271 


19-95 


•001830 


•4408 


•461 


19 


BoflBUt 


•8248 


•0644 


58-47 


•001672 


•4488 


•441 


20 


Du Bu&t 


•2426 


•0271 


1996 


•001793 


•4600 


•461 


21 


Bomut 


•8248 


•0644 


48-78 


•001795 


-4966 


-486 


22 


Boeent 


•6497 


•0861 


68-47 


•001922 


•6116 


•512 


28 


Bossut 


•8248 


•0361 


29-28 


•001918 


-6128 


-612 


24 


DaBudt 


•8836 


•0271 


19-96 


•002060 


•6411 


•646 


25 


BoflBUt 


•8248 


•0644 


38-98 


•001981 


•6606 


•646 


26 


DuBu&t 


•3709 


■0271 


19-96 


•002174 


•6676 


•676 


27 


Bossut 


•6497 


•0361 


48-73 


-002078 


•6698 


•668 


28 


DuBudt 


'8952 


•0271 


19-96 


•002228 


•6916 


•696 


29 


Bossut 


•3248 


•0271 


26-24 


•002201 


-6082 


•699< 


80 


Bossut 


•8248 


•0861 


19-49 


•002333 


•6328 


•632' 


81 


Bossut 


•3248 


•0644 


29 28 


•002300 


•6444 


•634 


82 


Bossut 


•6497 


•0861 


88-98 


•002267 


•6498 


•632! 


88 


Bossut 


•6497 


•0644 


68-47 


•002214 


-6696 


•634^ 


84 


Bossut 


•6497 


•0644. 


48-73 


-002392 


•7436 


•697! 


86 


Bossut 


•6497 


•0361 


29-23 


•002688 


•74 


•734J 


86 


Du Budt 


•6416 


•0271 


19-96 


•002760 


•7761 


•766 


87 


Bossut 


•3248 


•0644 


19-49 


•002812 


-7908 


•782; 


88 


Du Buftt 


•1624 


•0271 


8-76 


•003620 


•7948 


•893( 


89 


Bossut 


•6497 


-0644 


88-98 


-002666 


•8868 


•7811 


40 


Bossut 


•8248 


•0861 


9-74 


•008287 


•8976 


•904J 


41 


Bossut 


•66 


•0861 


19 49 


-003161 


•9882 


•904! 


42 


Bossut 


•66 


•0644 


29-28 


•008062 


•9681 


•907 


48 


Couplet 


8-9274 


•4878 


1169-42 


•008786 


10600 


l-06» 


44 


Bossut 


•8248 


•0644 


9-74 


•004078 


1^0916 


1-116 


46 


Bossut 


•6497 


•0644 


19-49 


•008821 


11640 


1-116 


46 


Bossut 


•6497 


•0861 


9-74 


•004491 


1-8138 


1-289 


47 


Du Budt 


•4878 


•0271 


8-17 


•006470 


16784 


1-704 


48 


Du Buitt 


•6671 


•0271 


3-75 


•006307 


r6919 


1-689 


49 


Bossut 


•6497 


-0644 


9-74 


•006678 


1^6946 


1-689 


60 


Du Buat 


•7219 


•0271 


3-17 


•007888 


1-9801 


2-079 


61 


Du Buat 


•9746 


•0271 


8-17 


•008882 


2-2994 


2-420 
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for measures in metres, which, reduced for measures 
in English feet, is 

\v = (9978-76 r* + •02375)* — -15412 ; or 
100 \/Vs — -15 nearly. 
Eytelttein, following the method of investigation 
pursued previously by Prony, found from a large 
number of experiments, a = -0000242651, and b = 
•000365543 in riVers, for measures in metres ; and, 
therefore, 

(93.) t; = (2735-66 r* + -001102)*— -0332.* 
This reduced for measures in English feet, is 

V = (8975-43 rs + -0118858)* — -1089 ; or 
(94.) • V = 94-5 \/ri— -11 nearly = 1-3 v//>— -11 
I = v/r77V— -11 

when / is the fall in feet per mile. He also shows,t 
that Hths of a mean proportional between the fall in 
two English miles and the hydraulic mean depth, 
gives the mean velocity very nearly. This rule for 
measures in inches is equivalent to 
(95.) t; = 324 %/r7; 

and for measures in feet 
(96.) t;z=93-4\/r^. 

For the velocity of water in pipes, he found, J from 
the fifty-one experiments of Du Buat, Bossut, and 

page 164, Third Report, British Association, by Rennie; and at 
pages 437 and 633, Article Hydrodynamics, Brewster's Encyclo- 
pedia. This reduction, v = — 0-1641 + (-02376 + 82806*6 r«)* 
is entirely incorrect ; and. being the same in each of those works, 
appears to have been copied one from the other. 

* Mdmoires de TAcad^mie de Berlin, 1814 et 1816. See 
equation (110). 

f Handbuch der Mechanik und der Hydraulik, Berlin, 1801. 

X M^oires de TAcad^mie des Sciences de Berlin, 1814 et 1815. 
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Couplet, that a — 0000223, and ft = -0002803, from 
which we get for measures in metres, 
(97.) V = (3567-29 r * + -00157/ — -0397 ; 
which reduced for measures in English feet becomes 

{V = (11703-96 rs + •01698)* — -1303 ; or 
^ "^ [v = 108 %/^— -13 nearly. 
Another formula given by Eytelwein for pipes, which 
includes the head due to the velocity for the orifice 
of entry, is 

in which h is the head, I the length, and d the dia- 
meter of the pipe, all expressed in English feet. This 
is a particular value of equation (74) suited to velo- 
cities of about 2i feet per second. It must be here 
mentioned, that much of the valuable information 
presented by Eytelwein is but a modification of 
what Du Buat had previously given, to whom only 
for much that is attributed to the former we are 
primarily indebted. 

In the foregoing as well as in the following equa- 
tions for the velocity, we have, unless otherwise 
stated, maintained one class of standards. It is 
evident if we change these standards in part, or in 
whole, that apparently different forms of the equa- 
tions will arise ; thus — if for 5, the hydraulic incli- 

nation, we substitute TofiO' ^^ ®^^^^ ^^^® *^® ^^ 
m in feet per mile, in place of the inclination s; so 
that equation (94), for instance, would become 
V = (1-7 mr+ -012)* — -11 z= (1-7 m r)»— -11 nearly, 
in which v is the velocity in feet per second, m the 
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fall in feet per mile, and r the "hydraulic mean 
depth " in feet. In like manner equation (98) would 
become 

t; = (2-2mr+-02)* — 13 =(2-2 wr)*— -13. 
The first of these reductions, viz. : — 

t; = (1-7 wr + -0119)*— -109, 
is given in a book of tables calculated for river 
channels for the Commissioners of Public WoAs, Ire- 
land, the original equation being Eytelwein's, and not 
D'Aubuisson's, who merely copied it, and is suited 
for velocities averaging about 1*3 feet per second. 
Mr. Hawksley gives for pipes the formula 

^ - .77 /_AEl_1* 

in which / is the length in yards, h the head in 
inches, d the diameter in inches, and v the velocity 
in yards per second. For uniform feet measures, 
for, Vy dy and h, this becomes 

which is only Eytelwein's equation (99) slightly 

modified. Eytelwein's equation expressed in the 

measures used by Mr. Hawksley would be very 
nearly 

which is far the simplest of the two ; both, however, 
are but particular cases of the general equation 74), 
and ;only suited for velocities of about 2j feet per 
second. 
Dr. Thomas Young* also derives his formula from 

* Philosophical Transactions for 1808. 
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the supposition^ that the head due to the resistance 
of friction assumes the form of equation (83) ; calling 
the diameter of a pipe d^ he takes 

and the whole height h = A, + ggg, expressed in 

inches. He found from some experiments of his 
own, those collected by Du Buat^ and some of 
Gerstner's^ that 

(100.) a =r -0000002 {^f^^^ 
and 

(101.)*=O00000l{«3+^-^-gi^); 

then as — = -00171, we get 
ud 



(102.) - = [ bi + loVlld 



^V26;+'00341d>'i 



.2bl-\- '00341 d) ) 2bl-\- -00341 d' 
When the length I of the pipe is very great compared 
with the head dne to the orifice of entrance and 
velocity, -00171 «", we have 

or by substituting for , its value *, equal the sine of 

the inclination, 

{sd . a* )* a 
(104.) „={-5. + j^)_2-^. 
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The values of a and h are for measures in inches. 
For most rivers^ in which d must be taken equal 4 r, 
he finds for French inch measures, t;zz\/20000rf*j 
this reduced for English inches is 

(105.) t; = 292\/^; 

which again reduced for feet measures, becomes 

(106.) vzzU'Zs/Vs. 

These latter values, for rivers, are even smaller than 
those found from Du Buat's formula ; less than the 
observed velocities, and less than those found from 
any other formula, with the exception of Girard's. 
The values of the coefficients a and b vary in this 
formula with the value of G? = 4r; they are expressed 
generally in equations (101) and (102), from which 
we have calculated the following table for different 
values of d and r. 

An examination of this table will show that a 
obtains a minimum value when d is between 
10 and 11 inches ; and b when the diameter is 
between i and } of an inch. Now, it appears from 

equation (102), that v increases with -^/^ nearly, 

h I 

or, which is the same thing, as b decreases, there 
must, ceteris paribus^ be a maximum value of v for a 

H d 
given value of -7-^ ^^ r s, when d is between i and } 

u 
inch ; but as ^J, ^^s * minimum value when d is 

nearly 12 inches, the maximum value of v referred 
to will be found between values of d from i inch to 
12 inches; in fact, when d= 10 inches nearly. We 
have already pointed out a similar peculiarity in Du 
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Bust's general theorem, at page 195. It wiU not be 

necessary to take out the values^ of kt cmd -^-m to more 

than one place of decimals. 

The values of jr are also given in the following 

table, and may be used in equation (104) for finding 
the discharge from long pipes. It is, however, neces- 
sary to remark, that this equation is sometimes mis- 
applied in finding the velocity from short pipes, and 
those of moderate lengths. It is necessary to use 
equation (102), which takes into consideration the 
head due to the velocity and orifice of entry for such 
pipes. 

For a pipe 11 inches in diameter, the expression 
for the velocity, equation (104), becomes for^inch 
measures, 

and for feet measures, also substituting 4 r for d, 

very nearly. For a pipe -7 inch in diameter we should 
find in a like manner for feet measures, 
(106b.) t; = 118(r^)*_-6, 

which is only suitable for pipes with very high velo- 
cities. 

Sir John Leslie states,* that the mean velocity 
of a river in miles per hour, is i^ths of the mean 
proportional between the hydraulic mean depth and 

* Natural Philosophy, p. 423. 

P 
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the fall in two miles in feet. This rule is equivalent^ 

for measures in feet, to 

(107.) V = 100 v^77 

and is applicable to rivers with velocities of about 2i 

feet per second. 

D'AuBUissoN, from an examination of the results 
obtained by Prony and Eytelwein, assumes* for 
measures in metres that a = -0000189, and b = 
•0003425 for pipes, substituting these in equation (84) 
and resolving the quadratic 
(108.) V = (2919-71 rs + -00074)* _ -027 ; 
which reduced for measures in English feet becomes 

^ '^ It; = 98 \/rs— -1 nearly. 

For rivers he assumes with Eytelwein,t a = 

•000024123 and b = -0003665, for measures in 

metres, and hence 

(110.) V = (2736-98 rs + -0011)*- -033 ; 

which for measures in English feet is 

iv = (8976-5 r* + •012)»— -109, or 
^ "^ It; = 94-6 \/'rs— '11 nearly. 
When the velocity exceeds two feet per second, he 
assumes, from the experiments of Couplet, a = 0, and 
b = 00035876 ; these values give 
(112.) V = \/ 2787-46 r5, 

for measures in metres, and 
(113.) V = 95-6 \/Ts = \/ 9145 rs 

for measures in English feet. Equations (110) and 
(111) are the same as (93) and (94), found from Eytel- 

* Traits d'Hydraulique, p. 224. 
t Traite d'Hydraiiliqae, p. Id3. Se^ Equation (93). 

p 8 
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wein's values of a and h^ and it may be remarked that 
D'Aubuisson's equations for the velocity generally, 
are simply those of Prony and Eytelwein. 

The values which we have found to agree best 
with experiments on clear straight rivers are a =: 
•0000036, and 6 = -OOOllSO'for measures in English 
feet, from which we find 

..... [v- (8695-6 r * + -00023)* - -0152, or 
^ -^ Uz=93v^_-02, 

which for an average velocity of li foot per second 
will give V — 92*3 \/r7 nearly, and for large velo- 
cities t?z=93-3\/5r7^; for smaller velocities than li foot 
per second, the coefficients of \/r~i decrease pretty 
f apidly. This formula will be found to agree more 
accurately with observation and experiment than any 
other we know of this form. 

Weisbaoh is perhaps the only writer who has 
modified the form of the equation TS'=iav'\'h't^. 
In Dr. Young's formula, a and^ h vary with r, but 

Weisbach assumes that Af = (a + -j)-x-2- , and 

finds from the fifty-one experiments of Couplet, 
Bossut, and Du Buat, before referred to, one experi- 
ment by Guemard, and eleven by himself, all with 
pipes varying from an inch to five and a half inches 
in diameter, and with velocities varying from li inch 
to 15 feet per second, that a = -01439, and b = 
•0094711 for measures in metres ; hence we have for 
the metrical standard 

..... T /ni.o^ •009471K / v" 

(115.) h, = (-01439 + —^^r-) d^Tg 

This reduced for the mean radius r is 
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(116.) ht = (003597 + — ^ ) 7X2^; 

from vrhich we find for measares in English feet 
(117.) A,=(.003M7.:2?^)ixg. 

and thence 

(118.) ,. = (.003597 H^:»5«M)|i; 

and by substituting for 2 ^, its value 64*403, 
(119.) r. = (00005585 + S^^^y. 

,,,^v r^^^.r.^ •0042887^ . ^, 

In equation (117), (003597 + 1 ) = c, is the 

coefficient of the head due to friction. The equation 
does not admit of a direct solution, but the coeffi- 
cient should be first determined for different values 
of the velocity v and tabulated, after which the true 
value of V can be determined by finding an approx- 
imate value, and thence taking out the corresponding 
coefficient from the table, which does not vary to any 
considerable extent for small changes of velocity. 
In the following small table we have calculated the 
coefficients of friction, and also those of v^, in equa- 
tion (119), for different values of the velocity v. 
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TABLE OF THE COBFTIOIBNTB OF FRICTION IN FIFES. 



YelooUj 
in feet 


et 


^^ 


64-4 


^ ct 


Ydodty 
in feet 


«f 




644 


^ ct 


•1 


•017159 


•0002664 


3078^07 


65-6 


2-4 


•006366 


•0000988 


10121-5 


100-6 


•2 


•018186 


•0002047 


4886-2 


69-9 


2-6 


•006809 


-0000979 


10214^6 


lOl^O 


•8 


•011427 


•0001774 


6686^9 


7608 


2-6 


•006267 


•0000972 


10288-1 


101-4 


•4 


•010878 


•0001611 


6270-3 


78-8 


2-7 


-006207 


•0000964 


10873-4 


101 •S 


•6 


•009662 


•0001600 


6666-6 


81-6 


2^8 


•006160 


•0000966 


10460-2 


102^2 


•6 


•009188 


•0001418 


7062-2 


84^0 


2-9 


•006116 


•0000949 


10687-4 


102-6 


•7 


•008728 


•0001864 


7886-6 


86^9 


3^ 


•006073 


•0000943 


10604-4 


102-9 


•8 


•008891 


•0001803 


7674-6 


87^6 


8-6 


•005890 


•0000014 


10940-9 


104-6 


•9 


•008117 


•0001260 


7936-6 


89^1 


4- 


•006741 


•0000891 


11223-8 


106-9 


1-0 


•007886 


•0001224 


8169-9 


90-4 


5- 


•006614 


•0000866 


11682-2 


lOS'O 


M 


•007686 


•0001198 


8882-2 


91-6 


6- 


•006348 


•0000880 


12048-2 


109-7 


1-2 


•007612 


•0001166 


8676-8 


92-6 


7- 


•006318 


•0000810 


12846-6 


1111 


1-26 


•007438 


•0001164 


8666^6 


981 


8- 


•005113 


•0000794 


12682-2 


112-4 


1-3 


•007368 


•0001142 


87666 


93-6 


9^ 


-006026 


•0000780 


12820-6 


118-3 


1-4 


•007221 


•0001121 


8920-6 


94-4 


10- 


•004968 


•0000769 


180089 


114-0 


1-6 


•007098 


•0001102 


9074-4 


96-2 


16^ 


•004704 


•0000780 


18698^6 


1170 


1-6 


•006987 


•0001086 


9216-6 


96-0 


16^ 


•004669 


•0000726 


18798-1 


117-4 


1-7 


•006886 


•0001069 


9364^6 


96^7 


^ 


•004656 


•0000707 


14144-2 


118-9 


1-76 


•006889 


•0001062 


9416^2 


97-03 


26^ 


•004465 


•0000691 


14471-7 


120-8 


1-8 


•006794 


•0001064 


94876 


97-4 


80^ 


-004880 


•0000680 


14706-9 


181-2 


1-9 


•006716 


•0001042 


9696^9 


97^9 


86^ 


•004822 


•0000671 


14908-1 


122-0 


a- 


•006689 


•0001029 


9718^2 


98-6 


40- 


•004276 


•0000664 


16060-2 


122-7 


2-1 


•006666 


•0001018 


9823^2 


99^1 


46^ 


•004236 


•0000668 


16197^6 


128-8 


2-2 


•006488 


•0001007 


9930-6 


99-6 


60- 


•084208 


•0000668 


16818^8 


128-7 


2-8 


•006424 


•0000997 


X0008- 


100- 


lOO^ 


•004208 


-0000626 


16000-0 


126-4 



64-4 
If the value of here found, be substituted in 



the equation 



rs,we shall have the value 



of V. According to this table the coefl&cient of fric- 
tion for a velocity of six inches is more than twice 
that for a velocity of twenty feet, and the velocity is 
less in the proportion of 81-6 to 118-9, or of 81-6 (r*)* 
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to 118-9 {rs)K On comparing these coefficients and 
those for pipes in the preceding formnlsB, with those 
for rivers of the same hydranlic depth, we perceive 
that the loss from friction is greatest in the latter, 
as might have been anticipated ; but this evidently 
arises from lesser velocities. 

It has been already remarked that the coefficient 
of friction decreases as the velocity increases. The 
only general formula which properly meets this de- 
fect in the common formulae is Weisbach's, but it 
does not give the velocity v directly, as this quantity 
is involved in both sides of his equation. As for 
several hydraulic works it is necessary to convey 
water through pipes to work machines under high 
heads, and for which the common formula would 
give results considerably under the true ones, it 
appeared to me desirable to obtain some simple ex- 
pression for the velocity which might be easily 
remembered and applied, which would be equally 
correct with other formulae for medium velocities of 
from one to two and a half feet, and which at the 
same time would give practically correct results for 
lesser and greater velocities within the limits of 
experiment. By reducing the velocity found from 
experiment to the form v i=:m ^r$ for every case, 
and afterwards applying a correction of the form 
w \/Vs to meet the increasing value of w as v in- 
creased, I discovered that the expression 
(119 a) v=140(r5)*-ll(r*)» 

gave results not differing more from experiments than 
these frequently do from each other. The following 
table exhibits the velocities compared with those 
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obtained from the experiments made by Dn Bukt, 
Couplet, Watt, Mr. Provis, and Mr. Leslie, in the 
Minutes of the Institution of Civil Engineers for 
February 1855. The last experiment was furnished 
to me by Mr. Hodson of Lincoln. Numbers 34 
and 36 were made by myself, and give the mean 
results of several experiments made with great care ; 
the coefficient of the orifice of entry was found to 
be -860.* The measures have been all reduced to 
English feet. The results found by the same experi- 
menters, at the same time, with the same apparatus, 
sometimes differ by three or four per cent., as may be 
seen by referring to Mr. Provis' experiments, (Trans- 
actions of the Institution of Civil Engineers, voL ii., 
p. 203,) and the difference in the experiments shown 
in the table are apparent. The difference in the 
velocities found from the experiments, do not exceed 
those inseparable from practical investigations, and 
they differ as much in themselves as from the formula, 
which for cylindrical pipes of diameter d may be 
thus expressed, 

v = 70 id 5)* — 6-93 {d 5)*, or 
t; = 70 (rf5)* — 7 (rf5)i nearly. 
The expression fails when 70 (rf s)^ is equal to or 
less than 6 93 (rfs)^, but as this only happens when 

/ll V 
r s =VJ4Q>) = 000000235, and for velocities below 

one inch per second, its practical value is not thereby 
affected. The expression of Du Bu&t fails with a 

* The coefficient for the orifice of entry was found by cutting 
off the pipe at two diameters from the cistern at the conclusion of 
the experiments, and finding the time of emptying. Vide p. 177. 
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TABLE showing the Experimental Results of observed Velocities in Water 
Channels, unth the Author's general formula for Pipes and Rivers, viz. 
v = 140(^r»/-ll (rsj^. 















2 -^ 


Hi 


Velodties 




A 


Heads in 


Lengths in 


Yslnes 


Valves 


Valnes 


Hi 


expressed in 


Ezp«rlnen. 


£ 


feet (H). 


feet (I). 


of r. 


of «. 


of r«. 


III 


the f om V = 


ten'NuMs. 


1 


•08333 


1086- 


•062083 


-000076 


•00000396 


•100 


•106 


62^6 V'T. 


Mr. Ledia 


2 


•01332 


65-37 


-022204 


•000116 


•00000434 


•140 


•113 


54-0 „ 


Couplet 


3 


•14583 


1086- 


•062083 


-000133 


•00000693 


•118 


•167 


60-0 „ 


Mr. Leslie 


4 


•40566 


7482- 


•111000 


-000066 


•00000134 


•178 


•167 


61-6 „ 


Couplet 


5 


•20883 


1086- 


-062083 


•000190 


•00000989 


•217 


•206 


66-0 „ 


Mr. LesUe 


6 


•45833 


1086- 


•062083 


•000417 


•00002170 


•361 


•346 


74^1 „ 


J, 


7 


1-4876M 


7482- 


-111000 


•000198 


•00002220 


•366 


•348 


74-1 „ 


Coupiet 


8 


1-44800 


1086- 


•062083 


-001321 


•0000688 


•716 


-711 


85-7 ,. 


Mr. Leslie 


9 


2-78125 


1086^ 


•062083 


•002538 


•0(X)1322 


1^086 


1-060 


91-3 „ 


It 


10 


M 


ft 


2-427200 


•000063 


•0001632 


1-166 


1-143 


92-4 „ 


Watt 


11 


•50000 


100- 


•031250 


•004741 


•0001482 


1023 


1-122 


92-2 „ 


Mr. ProTis 


12 


2-78125 


1086- 


•062083 


•004348 


•0002266 


1-461 


1-4;18 


96-5 ., 


Mr. Leslie 


IS 


4-76042 


1086- 


•062083 


•OOWIO 


-0003340 


1-726 


1-796 


98-3 „ 


It 


14 


1-06580 


127-0 


-044630 


•007748 


-0003468 


1-889 


1-840 


98-9 „ 


Bossut 


15 


•50000 


40^ 


•031260 


•010810 


•(XX)3378 


1-711 


1-816 


98-7 „ 


Mr. Provis 


16 


1-06580 


95^02 


•044630 


•010060 


-0004485 


2-111 


2-124 


100-3 „ 


Bossut 


17 


1-5 


100- 


•031260 


•014166 


•0004422 


2-006 


2-103 


100-6 „ 


Mr. Provis 


-8 


0-9806 


1086^ 


•062083 


•009174 


-0004779 


2096 


2-186 


100-6 „ 


Mr. LesUe 


10 


•8575 


40- 


•031260 


•018042 


•0006638 


2-380 


2-414 


101-7 „ 


Mr. Provis 


20 


2-1316 


101-0 


•044630 


-010648 


-0004708 


2-463 


2-183 


100-6 „ 


Bossut 


21 


2-1316 


150-9 


•044630 


•012624 


•0006689 


2-440 


2-404 


101-7 „ 


tf 


22 


,f 


,, 


•062083 


-014286 


•0007440 


2-800 


2-823 


103-6 „ 


Mr. LesUe 


23 


2-1316 


127-0 


•044630 


-015360 


•0006861 


2-744 


2-696 


103-0 „ 


Bossut 


24 


ft 


t> 


•044630 


•027921 


-0012466 


3-819 


3-760 


106-5 „ 


tt 


25 


tt 


It 


•062083 


•026000 


•0018021 


3-783 


3-862 


106-7 „ 


Mr. LesUe 


26 


8-27416 


40- 


•031260 


-018040 


•002093 


6-064 


6-006 


109-3 „ 


Mr. Provis 


27 


2-3684 


10-80165 


•022204 


•133689 


-0029679 


6-322 


6-048 


111-0 „ 


Da Built 


28 


3^27416 


20- 


-031260 


•111200 


•0034760 


6-723 


6-572 


111-5 „ 


Mr. Provis 


20 


3^4525 


20- 


•031260 


•113900 


•0036694 


7-086 


6-668 


111-9 „ 


ti 


30 


7135 


62-8822 


•029606 


•098861 


•0029268 


6-167 


6-999 


110^9 „ 


Couplet 


31 


14-270 


125-7644 


•029606 


•106161 


-0031426 


6-161 


6-239 


111-3 ,. 


ft 


32 


21-405 


188-6466 


•029606 


•108679 


-00321466 


6-146 


6-316 


111-4 „ 


tt 


33 


31074 


10-39155 


•022204 


•176991 


-0039292 


7-644 


7-039 


112^3 „ 


DuBuftt 


34 


11125 


0-202 


•021260 


•713000 


-01616126 


14^683 


14-513 


117^9 „ 


Mr. NeviUe 


35 


20-8 


10-2 


•021260 


•814000 


•01729760 


16-667 


16-617 


118-4 ,. 


ft 


36 


ISO- 


100- 


•020833 


1-400000 


•0291667 


21-7 


20-6 


120-3 V^ 


Mr.Hodson 



tube of one twenty-fifth part of an inch in diameter, 
no matter what the head may be, as it then makes 
the velocity equal to nothing, although some of the 
experiments from which it was derived were made 
with tubes but the eighteenth part of an inch dia- 
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meter. The following expression is free from this 

defect : 

(1190.) V = 60 (rs)^ + 120 (r*)*, 

and will give results approximating very closely to 
those found from Du Buat's formula, and, therefore, 
with those experiments with which it most nearly 
coincides, but agreeing much more closely with 
Watt's and other experiments, on rivers. It gives 
higher results than the previous formula for velo- 
cities below six inches, but the results found by 
different experimenters differ very much in those. 
For higher velocities it appears to differ occasionally 
only about one-twentieth from observation, being in 
general less, as far as twenty feet per second, where 
it coincides very closely with Mr. Hodson's expe- 
riment. As the errors appear to be of an opposite 
kind generally, in the two last expressions, we may 
get by combining them 

(119d.) V = 100(r5)* + 60(r5)^-6-5 (r*)*, 

an expression which, however, wants simplicity for 
ready practical application. When the length of the 
pipe does not exceed from 1000 to 2000 diameters, a 
correction is due to the velocity in it, and to the 
orifice of entry before finding the " hydraulic incli- 
nation" (s). The coefficient used in reducing the 
foregoing experiments for the orifice of entry was 

•815, which gives 1-508 y' f^^ ^^^ height due to the 

joint effects of velocity and orifice. This must be 
deducted from the head (h) before dividing it by the 
length (/) to find the inclination {s) in our table. 
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The following table, calculated from the formula 
(119a), V = 140 (r 5)7— 11 {r s)^, gives the corre- 
sponding values of r 5 and v, so that when one is 
known the other is immediately found from inspec- 
tion. Thus, if r 5 = '03126, we find 

V = 20-6 when r s zz -029167 

V = 24-7 when rs = -041666 



Difference 4-1 corresponds to 012499 
•03126 
•02917 



Difference 00208 
Whence ^0125 : 41 : : ^00208 : -7 nearly, and 
20^6 47 = 21-3 is the velocity sought; the same 
practically as found in Example 26, p. 37. If 
allowance is to be made for the head due to the 
orifice of entry and velocity, this head can be de- 
termined from the velocity due to the value of r* 
in the table next less than the given value with 
sufl&cient accuracy. In this case, this velocity is 
20^6 feet per second = 247 inches nearly. If the 
orifice of entry be square, the coefiBcient is •816, and 
the head due to the velocity and this coefficient is. 
Table IL, 10 feet nearly. If r be known separately, 
and also «, as well as the head h, and the length of 
the pipe /, we had at first 

J = 5, and, therefore, j = 7 z= 5. 
In Example 26, p. 37, h z= 150, and /= 100 feet, 
therefore, the new value of 7 = ^qq is 1-4 ; and as 
r must be equal 020833, r*= -02917 : the value 
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TABLE for finding the Velocity in feet per second, from the product of 
the hydraulic mean depths and hydraulic inclinations, and the reverse 
calculated from the Author's formida v = 140 (r«)* — 11 {rs)^, in 
which r, s, and v, are feet measures. 



Yaloes of r «. 


Velo- 
city r. 


YalQM of r«. 


Velo- 
city*. 


Values of r*. 


Velo- 
city V. 


Valaesofr*. 


Velo- 
city ». 


•00000296 


•083 


•0001302 


104 


•000689 


2-70 


•003569 


667 


•O0OOU832 


•091 


•0001822 


106 


•000710 


2-76 


•003699 


6-71 


•00000395 


•104 


•0001420 


109 


•000744 


2-83 


•003630 


6-74 


•00000427 


•111 


•0001482 


112 


•000768 


286 


•003788 


6-90 


•00000643 


•133 


•0001632 


114 


•000789 


2-91 


•003929 


704 


•00000692 


•142 


•0001678 


1-16 


•000806 


2-94 


•003946 


7^06 


•00000690 


•168 


•0001610 


117 


•000833 


3-00 


•Oa3977 


7-08 


•00000734 


•167 


•0001667 


119 


•000862 


304 


•004104 


7^20 


•00000947 


•198 


•0001736 


1-21 


•000900 


313 


•004167 


7-27 


•00000989 


•206 


•0001776 


r24 


•000947 


3-22 


•004366 


7^44 


•00001184 


•231 


•0001816 


1-26 


•001042 


340 


•004646 


762 


•00001263 


•241 


•0001894 


1-80 


•001106 


3-61 


•004630 


7-69 


•00001420 


•261 


•0002062 


1-36 


•001136 


367 


•004736 


7^78 


•00001678 


•280 


•0002131 


1-38 


•001231 


3-73 


•005666 


8-49 


•00001677 


•292 


•0002266 


•1-43 


•001246 


376 


•006944 


9*61 


•00001894 


•316 


•0002367 


1-47 


•001263 


3-78 


•007576 


100 


•00001973 


•326 


•0002662 


1^60 


•001302 


386 


•008333 


10-6 


•00002170 


•346 


•0002604 


1-66 


•001326 


3-89 


•009259 


111 


•00002367 


•366 


•0002662 


167 


•001420 


404 


•010^17 


118 


•00002666 


•885 


•0002778 


1-61 


•001516 


4-18 


•011906 


12-7 


•00002841 


•411 


•000-2841 


1-63 


•001576 


4-28 


•013889 


13-8 


•00003266 


•448 


•0003030 


1-69 


•001610 


4-32 


•016151 


14-6 


•00003364 


•467 


•0003167 


173 


•001667 


4-41 


•016667 


15-3 


•00003661 


•473 


•0003220 


176 


•001706 


4-46 


•017297 


15 6 


•00008748 


•489 


•0003314 


1-79 


•001736 


4-51 


•020833 


171 


•00003946 


•606 


•0003378 


1-80 


•001799 


4-60 


•027778 


20-2 


•00004143 


•621 


•0003409 


1-81 


•001894 


473 


•029167 


20-6 


•00004340 


•636 


•0003661 


1-86 


•001989 


4-87 


•041666 


247 


•00004632 


•668 


•0003630 


1-89 


•002062 


4-94 


•055566 


28^8 


•00006130 


•694 


•0003706 


r90 


•002083 


4-98 


•062600 


30-6 


•00006327 


•608 


•0003788 


1-92 


•002093 


6-00 


•072916 


33-2 


•00006624 


•622 


•0003946 


1^98 


•002178 


610 


•083333 


36-6 


•00006919 


•648 


•0004022 


MO 


•002210 


614 


•104167 


400 


•00006314 


•674 


•0004103 


2-02 


•002273 


5-22 


•126 


43-9 


•00006708 


•699 


•0004261 


2*J6 


•002376 


6-36 


•145683 


47-6 


•0000688 


•711 


•0004419 


2-10 


•002462 


6^46 


•166667 


61-1 


•00007102 


•724 


•0004486 


2^12 


•002633 


663 


•208333 


67-3 


•00007694 


•760 


•0004646 


2-14 


•002662 


66-8 


•229167 


60-2 


•00008049 


•781 


•0004708 


218 


•002683 


672 


•260000 


63-0 


•00008623 


•808 


•0004736 


2^18 


•002841 


6-90 


•270833 


667 


•00008681 


•828 


•0004893 


2^23 


•002968 


606 


•312600 


70-7 


•00009270 


•849 


•0006061 


227 


•002999 


6^08 


•333333 


73-2 


•00009470 


•861 


•0006208 


2-31 


•003030 


611 


•354167 


76^6 


•00010269 


•903 


•0006303 


2-38 


•003143 


623 


•376000 


77-7 


•00010654 


•923 


•0006638 


2-41 


•003167 


6-26 


•396883 


800 


•00011048 


•946 


•0006061 


2-62 


•003214 


6-31 


•416667 


821 


•00011364 


•960 


•0006166 


2-64 


•003220 


632 


•437600 


84^2 


•00011837 


•983 


•0006313 


2-67 


•003314 


6-42 


•468333 


86^2 


•00012232 


1^00 


•0006440 


2-60 


•003409 


661 


•479166 


88-8 


•00012627 


102 


•0006629 


2-64 


•003476 


6-68 


•600000 


90-2 
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corresponding to which, in onr table, is 20-6, the 
velocity when allowance is made for the head due 
to the velocity and orifice of entry. ^ 

In general, by taking the value of v for the next 
less value of r 5 in the table, we shall find the 
velocity with sufficient accuracy, and also the value 
of r 5 from that of v by taking it as the next 
greater. If we had taken r s = -0008623, the table 
would give v '= 3 04 feet, the same practically as 
already found in Example 27, p. 38. 

The value of r 5, when known, determines the value 
of V. If r be assumed of any convenient dimen- 
sions, s is determined; and, in like maimer, any 
suitable value of s determines r ; thus : 

r s . r s 

— =z 5, and — = r. 

It is well to remark, here again, that for pipes the 
value of r is the fourth part of the diameter rf, and 
that 

^ = j} and 4 r = rf. 

In 1857, M. Darcy, inspecteur des pouts et 
chausees, published his Eecherches experimentales 
relatives an Mouvement de TEau dans les Tuyaux,* 
the result of 198 experiments, in which the velocities 
varied from -03 to 5 or 6 metres per second, or from li 
inch to 16 or 19 feet, and with pipes varying from 
i inch to 20 inches diameter. The formula by which 
he presents the results is in metres, 
(a.) B J «= &i u*, 

in which r is the radius of the pipe, j the hydraulic 

* Morin's Hydranlique, deuzi^me edition, Paris, p. 164. 
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inclination, bi a variable coefficient dependent on the 
circnmstances, and u the velocity per second. For 
wrought and cast iron pipes of the same state of 
bore, the value of bi is expressed by M, Darcy, by 
the equation 

/j:s IL AAnrnrr . '00000647 

(b.) bi = -000507 + 



the agreement between which 
shown in the following table. 



B 

and 



experiment is 



Diameten 
inSngliih 


DiuMtanin 


YalnM of b^ 

fromezpeil- 
ments. 


YalnM of b^ 

bjtlM 
fonniila. 


BmuiAb. 


•6 


•0123 


•00ft78 


•001668 




1- 


•0266 


•000918 


•000993 




1-6 


•0895 


•000786 


•000836 




8*2 


•0819 


•000696 


•000665 




5*4 


•1870 


•000663 


^000601 


Well polished bore. 


7-4 
11-7 


•1880 
•2970 


•000564 
•000612 


•000576 
•000661 


fPipe already in use, 
I bat the bore deaned. 


19-7 


•6000 


•000609 


•000632 





For iron coated with bitumen, the value of bi in 
a pipe *196 m6tres in diameter was -0004334 ; for 
a newly cast pipe of 'ISS metres, b^ was -000684; 
and for a pipe -2432 metres in diameter, bi was 
•001168; the relative proportions of bi in these 
three instances, being as 

1-1 to 1-6 and to 3 ; 

and, therefore, the velocities, or discharges, would 
be inversely as the square roots of these, or as 
•95 to -82 and to -58. 

By substituting our notation for that of M. Darcy, 
we shall have in metres, from equations (a) and {b)f 



Digitized by VjOOQ iC 



ORIFICES, WEIB8, FIFSS, AND BIVEBS, - 223 

•00000161751 



r« = &»"=(-0002635 + 



V; 



2 -I ■ r 

which for feet measures becomes (as 1 m6tre = 
3-281 feet) 

f /v^nn.or . 3-281 X -00000161761 v" 
rs= |'0002536 + ) x gTggl = 



hence we get 
and, therefore, 



rs 



•00007726 + 



•00000162 



rs 



•00007726 + 



-00000162 



For all half-inch pipes this becomes 

*=i-00023278f =^^*^' 
for all inch pipes, 

*' = (-00015502} =®^'^ 
for all two-inch pipes, 

*'=.l-000116ul =^^'^ 
for all fonr-inch pipes, 

for all six-inch pipes, 

rs ^i 



I 



rs; 



rs; 



rs; 



rs; 



"^ = ( •OOOO9O22 I =105^3v/F7i 
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for all nine-inch pipes, 

rs )1 



"" 10000859) —^^"^'^ 



'rs; 



for all twelve-inch pipes, 

^= lo0008374 l = 109-3 V^^; 
for all eighteen-inch pipes, 

^ = 1 -00008158 } = 110-7 x/^; 
for all twenty-four-inch pipes, 



'={-. 



rs ]i_,,, - y 

0000806) — -iJ^J^o v*"*; 



and when r is large, as for very large pipes and 
channels, we get the velocity 

•00007726} = 113-8 \/5^." 



v={r^ 



There is evidently, on an examination of these 
results, a great error in the formula of M. Darcy. 
As long as the diameter of a long pipe continues 
constant, the velocity is always represented by a 
given fixed multiple of \/Ts^ or of the square root 
of the product of the hydraulic inclination and 
hydraulic mean depth, no matter how small or great 
the velocity In the pipe may be. For an inch pipe 
this multiplier for feet measures is 80-3. Now with 
a lead pipe I have found, from several experiments, 
that for a velocity of about 16 feet per second, the 
multiplier to be 117 or 118 ; and for a velocity of 
about 22 feet per second, Mr. Hodson's experiment 
gives a multiplier of about 120. Taking the other 
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extreme for large pipes, the multiplier derived from 
M. Darcy*s formula is 113-8, no matter hovr small 
the velocity may be. Now we have experiments in 
abundance to prove that for velocities of about 12 or 
13 inches per second, the multiplier cannot exceed 
95. We, therefore, look upon these researches of 
M. Darcy as partial and defective, and his formula 
as a representation, at best, of a limited range of 
velocities, in which those at either side are omitted 
or not perceived. 

For small pipes, any obstruction arising from de- 
fective bore, decomposition, encrustation, or from 
diminished bore, a£fects the discharge much more 
considerably than the same obstructions in a large 
pipe. In order to compare correctly the effects of 
the state of the bore on the discharge, we must use 
pipes of exactly the same diameter, and determine 
the value of bi from experiments in which the velo- 
city is the same, otherwise the results, as deduced 
by M. Darcy and given by Morin, cannot be de- 
pended upon. 

COEFFICIENTS DUE TO THE ORIFIOE OF BNTRT. — PROBLEMS. 

Unless where otherwise expressed, the head due 
to the velocity and orifice of entry is not considered 
in the preceding equations. In equation (74), where 
it is taken into calculation generally, 

2ffn )i 



VIZ, . 



I 

1 + c, + c, X - 



.1.2 

in which 1 + c, is equal to ( J , c, being the coefficient 
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of resistance due to the orifice of entry, and c^ the 
coefficient of velocity or discharge from a short tube. 
If the tube project into the reservoir, and be of small 
thickness, c^ will be equal 715 nearly, and therefore 
c, z= -956 ; if the tube be square at the junction, the 
mean value of c^will be '814, and therefore c, = -508; 
and if the junction be rounded in the form of the 
contracted vein, c^ is equal to unity very nearly, and 
c, = 0. For other forms of junction the coefficients 
of discharge and resistance will vary between these 
limits, and particular attention must be paid to their 
values in finding the discharge from shorter tubes 
and those of moderate lengths ; but in very long tubes 

/ 

1 + c, becomes very small compared with c, x , 

and may be neglected without practical error. These 
remarks are necessary to prevent the misapplication 
of the tables and formulae, as the height due to the 
velocity and orifice of entry is an important element 
in all calculations for short tubes. 

We have considered it unnecessary to give any 
formute for finding the discharge itself, because, the 
mean velocity once determined, the calculation of the 
discharge from the area of the section is one of 
simple mensuration; and the introduction of this 
element into the three problems to which this por- 
tion of hydraulic engineering applies itself, renders 
the equations of solution complex, though easily 
derived ; and presents them with an appearance of 
difficulty and want of simplicity which excludes 
them, nearly altogether, from practical application. 
The three problems are as follows : — 
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I. Given the faU^ lengthy and diameter of a pipe 
or hydraulic mean depth of any channel^ to find the 
discharge. 

Here all that is necessary is to find the mean 
velocity of discharge, which, multiplied by the area 
of the section (equal rf^ x '7854 in a cylindrical 
pip®)? gives the discharge sought. Table VIII. 
gives the velocity at once for long channels, accord* 
ing to Du Buat, or it can be found from equation 
(II9a) by calculation. Table IX. gives the dis- 
charge in cubic feet per minute for different diameters 
of pipes, and velocities in inches per second, when 
found from Table VIII. or formula (119a). See 
also Tables XL and XII. For a pipe 6 inches in 
diameter, the velocity per second is practically equal 
to the discharge in cubic feet per minute. See 
also the tables, pp. 42, 43, 252, and 253. 

XL Given the discharge and cross section of a 
channely to find the fall or hydraulic inclination. 

If the cross section be circular, as in most pipes, 
the hydraulic mean depth is one-fourth of the dia* 
meter ; in other channels it is found by dividing the 
water and channel line of the section, wetted peri- 
meter, or border, into the area. The velocity is 
found by dividing the area into the discharge, and 
reducing it to inches per second ; then in Table 
VIII., under the hydraulic mean depth, find the 
velocity, corresponding to which the fall per mile 
will be found in the first column, and the hydraulic 
inclination in the second. This result can be cor- 
rected by trial and error to accord with formula 
(119a), and the table for the values of r ^ and v, p. 220, 

q8 
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calculated from it. See also the tables^ pp. 42^ 43^ 
252, and 253. 

III. Given the discharge^ kngthy and faUy to find 
the diameter of a pipe, or hydraulic mean depth and 
dimensions of a channel. 

This is the most useful problem of the three. 
Assume any mean radius r., and find the discharge d« 
by Problem I. We shall then have for cylindrical 
pipes 

rf : r* : : D^ : D : : 1 : — ; 

and as r^, d, and d» are known, r* becomes also 
known, and thence r. Table XIII. will enable us to 
find r with great facility. Thus, if we had assumed 
r^ = 1 and found d^ = 15, d being 33, we then have 

1 : r*:: 1 : ~ :: 1 : 2-2, therefore r* z= 22 ; 

16 

and thence by Table XIIL, r = 1*37, the mean radius 
required, four times which is the diameter of the 
pipe. For other channels, the quantity thus found 
must be the hydraulic mean depth ; and all channels, 
however varied in the cross section, will have the 
same velocity of discharge, when the fall, length, and 
hydraulic mean depth are constant. If r^ be as- 
sumed equal to li inch, the velocity found from 
Table VIII. will then be the discharge in cubic feet 
per minute nearly, and this "mean radius" can 
always be assumed for the first term of the pro- 
portion. See also the tables, pp. 42, 43, 252, and 253. 
In order to find the dimensions of any polygonal 
channel whatever, which will give a discharge equal 
to D, we may assume any channel similar to that 
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proposed, one of whose known sides is s^, and find 
the corresponding discharge, d^ by Problem T., or 
from Tables XI. and XII. ; then, if we call the like 
side of the required channel, s, we shall have 



/DX* 



and thence the numerical value from 



Table XIII. The result, as before, can be corrected 
to accord with any of our formulae by the method of 
trial and error. 

As it frequently happens that deposits in and en- 
crustations on a pipe take place from time to time, 
which diminish the flowing section considerably, it 
is always prudent, when calculating the necessary 
diameter, to take the largest coeflScient of friction, c„or 
to double its mean value, particularly for small pipes, 
when calculating the diameter from any of the for- 
mulae. Some engineers, as D'Aubuisson, increase 
the quantity of water by one-half to find the dia- 
meter ; but much must depend on the peculiar cir- 
cumstances of each case, as sometimes less may be 
sufficient, or more necessary. The discharge increases 
in similar figures, nearly as r^ or as rf^, that is, as the 
square root of the fifth power of the diameter, and 
the corresponding increase in the diameter for any 
given or allowed increase in the discharge can be 
easily found by means of Table XIIL, as shown 
above. If we increase the dimensions by one-sixth, 
the discharge will be increased by one-half nearly, 
and by doubling them the discharge is increased in 
the proportion of 5 1 to 1. 

For shorter pipes, we have to take into considera- 
tion the head due to the velocity and orifice of entry. 
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Taking the mean coefficient of velocity or discharge, 
we find from Table II. the head due to the velocity, 
if it be known ; this subtracted from the whole head, 
H, leaves the head, A,, due to the hydraulic inclina- 
tion, which is that we must make use of in the table. 
If the velocity be not given, we can find it approxi- 
mately ; the head found for this velocity, due to the 
orifice of entry, when deducted, as before, will give a 
close value of A„ from which the velocity may be 
determined with greater accuracy, and so on to any 
degree of approximation. In general, one approxi- 
mation to hi will be sufficient, unless the pipes be 
very short, in which case it is best to use equation 
(74). ExAJCPLB VIII., p. 195, and the explanation 
of the use of the tables, Sectiok I., may be usefully 
referred to. 

Tables XI., XII., and XIII. enable us to solve 
with considerable facility all questions connected 
with discharge, dimensions of channel, and the ordi- 
nary surface inclinations of rivers. The discharge 
corresponding to any intermediate channels or falls 
to those given in Tables XL or XII., will be found 
with abundant accuracy, by inspection and simple 
interpolation ; and in the same manner the channels 
from the discharges. Rivers have seldom greater 
falls than those given in Table XII., but in such an 
event we have only to divide the fall by 4, then 
twice the corresponding discharge will be that re- 
quired. Table XIII. gives the comparative dis- 
charging powers of all similar channels, whether 
pipes or rivers, and the comparative dimensions from 
the discharges. We perceive from it, that an increase 
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of one-third in the dimensions doubles, and a de- 
crease of one-fourth reduces the discharge to one- 
half. By means of this table, we can determine by 
a simple proportion, the dimensions of any given 
form of channel when the discharge is known. See 
Example 17, p. 80. See also the tables pp. 42, 
43, 252 and 253. 

The mean widths in Tables XL and XIL are cal- 
culated for rectangular channels, and those having 
side slopes of U to 1. Both these tables are, how- 
ever, practically, equally applicable to any side 
slopes from to 1 up to 2 to 1, or even higher, when 
the mean widths are taken and not those at top or 
bottom. A semihexagon of all trapezoidal channels 
of equal area has the greatest discharging power, and 
the semisquare and all rectangles exactly the same 
as channels of equal areas and depths with side 
slopes of li to 1. The maximum discharge is ob- 
tained between these for the semihexagon with side 
slopes, of nearly i to 1, but for equal areas and 
depths the discharge decreases afterwards as the slope 
flcatens. The question of *>how much?'* is here, 
however, a very important one ; for, as we have 
already pointed out in equations (28) and (31), the 
differences for any practical purposes may be imma- 
terial. This is particularly so in the case of chan- 
nels with different side slopes, if, instead of the top 
or bottom, we make use of the mean width to calcu- 
late from. We then have only to subtract the ratio 
of the slope multiplied by the depth to find the 
bottom, and add it to find the top. If the mean 
width be 60 feet, the depth 5 feet, and the side slopes 
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2 to 1, we get 50 — (2 x 5) = 40 for the bottom, and 
60 + (2 X 6) = 60 for the top width. 

Side slopes of 2 to 1 present a greater diflference 
from the mean slope of H to 1, than any others in 
general practice when new cuts are to be made. A 
triangular channel having slopes of 2 to 1, and bot- 
tom equal to zero, differs more in its discharging 
power from the half square, equal to it in depth and 
area, than if the bottom in each was equally in- 
creased, yet even here it is easy to show that this 
maximum difference is only 5i per cent. If the 
bottom be increased so as to equal the depth, it is 
only 4 J per cent. ; when equal to twice the depth, 3-8 
per cent. ; and when equal to four times the depth, to 
2 per cent. ; while the differences in the dimensions 
taken in the same order are only 2-2, 1-8, 15, and 
0*8 per cent. For greater bottoms in proportion to 
the depth the differences become of no comparative 
value. It therefore appears pretty evident, that 
Tables XI. and XII. will be found equally applicable 
to aU side slcpesfrom Otolupto2tolyby taJiing the 
mean tvidlhs. When new cuts are to be made, we see 
no reason whatever in starting from bottom rather 
than mean widths, to calculate the other dimensions ; 
indeed, the necessary extra tables and calculations 
involved ought entirely to preclude us from doing 
so. Besides, the formulae for finding the discharge 
vary in themselves, and for different velocities the 
coefl&cient of friction also varies.* Added to which 

* The coefl&cient m in the formula t; = m (rs)* in rivers for 
velocities from 3 inches to 8 feet per second, varies from about 
7d to 103 ; yet, strange to say, most tables are calculated from 
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the inequalities in every river channel, caused by 
bends and unequal regimen, preclude altogether any 
regularity in the working slopes and bottom, though 
the mean width would continue pretty uniform under 
all circumstances. 

The quantities in Table XII. are calculated, from 
the velocities found from Table VIII., to correspond 
to a channel 70 feet wide and of different depths, the 
equivalents to which are given in Table XI. In 
order to apply these tables generally to all open 
channels, the latter are to be reduced to rectangular 
ones of the same depth and mean width, or the re- 
verse, as already pointed out. If the dimensions of 
the given channel be not within the limits of Table 
XI., divide the dimensions of the larger channels by 
4, and multiply the corresponding discharge found 
in Table XII. by 32 ; for smaller channels, multiply 
the dimensions by 4, and divide by 32. In like 
manner, if the discharge be given and exceed any to 
be found in Table XIII., divide by 32, and multiply 
the dimensions of the suitable equivalent channel 
found in Table XI. by 4. If we wish to find equiva- 
lent channels of less widths than 10 feet for small 
discharges, multiply the discharge by 32, and divide 
the dimensions of the corresponding equivalent by 4. 
Many other multipliers and divisors as well as 4 and 
32 may be found from Table XIII., such as 3 and 

one coefficient alone; or, rather, from a formula eqnivalent to 
94-17 (r »)*, which gives results suited only to a velocity of 16 
inches. Dimensions of channels calculated by means of this 
formula are too small in one case, and too large in the other. In 
pipes the variation of the coefficients is shown in the small tables, 
pp. dl4 and 217. 
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15-6, 6 and 882, 7 and 130, 9 and 243, 10 and 316, 
12 and 499, &c. The differences indicated at pages 
198 and 199, must be expected in the application of 
these rules, which will give, however, dimensions for 
new channels which can be depended on for doing 
duty. 

It will be seen from Table XIII. that a very 
small increase in the din^nsions increases the dis- 
charging power very considerably. Table XII. 
also shows that a small increase in the depth alone 
adds very much to the discharge. If we express in 

d 

this latter case a small increase in the depth, c?, by-, 

then it is easy to prove that the corresponding in- 
crease in the velocity, v, will be ^ ; and that in the 

discharge d, ht;* if the surface inclination continue 

unchanged ; but as it is always observable in rivers 
that the surface inclinations increase with floods, the 
differences in practice will be found greater than 
these expressions make it. As in a large river the 
surface inclination must be -very small, four times 
the fall will add very little to the sectional area ; yet 
this increase of fall will double the discharge, and 
we thence perceive how tributaries can be absorbed 
into the main channel without any great increase to 
its depth. 

«** ^^*Jb^%Ij>^^-*0.^r4.\U*.\ \ r^ir W^ . . 

Digitized by VjOOQ iC 



OBIFICES, WEIBS, PIPES, AND BIVEBS. 



236 



SECTION IX 

BEST FORMS OF THE CHANNBL. — REGIMEN. — VELOCITY. — 
EQUALLY DISCHABGINQ CHANNELS. 

We have seen above, that the determination of the 
hydraulic mean depth does not necessarily determine 
the section of the channel. If the form be a circle, 
theL diameter is four times the mean radius; but, 
though this form be almost always adopted for pipes, 
the beds of rivers take almost every curvilineal and 
trapezoidal shape. Other things being the same, 
that form of a river channel, in which the area 
divided by the border is a maximum, is the best. 
This is a semicircle having the diameter for the sur- 
face line, and in the same manner^ half the regular 
figures, an octagon, hex- 
agon, and square, in Fig. 
33, are better forms for 
the channel, the areas 
and side slopes being 
constant, than any others 
of the same number of 
sides. Of all rectangular channels. Diagram 4, in 
which A B D is half a square, is the best cross section ; 
and in Diagram 3, a o d b, half a hexagon, is the best 
trapezoidal form of cross section. When the width 
of the bottom, c d, Diagram 3, is given, and the slope 

— = n, then, in order that the discharge may be the 
greatest possible, we must have 
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A 



ca: 



= t2rn« + l)*-nK*^^ 



A 

CDzz --- w X ca 
oa 

= {[2 (n' + l)»-n] X ^Y-n{ ^^^.^iyi_S > 

in which A is the given area of the channel. As, 
however, we have never known a river in which the 
slope of the natural banks continued uniform, even 
though made so for any improvements, we consider it 
almost unnecessary to give tables for different values 
of n. If, notwithstanding, we put <l> for the inclina- 
tion of the slope Ac, equal angle CAa, we shall find, 

as cot. <l> = n, and \/n* + 1 = zrr-i, that the fore- 

sin. <p 

going equations become 

/lortN f A sin. <f> )* CD 

(^20.) a = |2_cos..^t = 2{K + l)*-n}' 

and 

A 

(121.) CD = ,;rr— ca x cot. *,* 

G a 

which will give the best dimensions for the channel 

when the angle of the slope for the banks is known. 

When the discharge from a channel of a given 

area, with given side slopes, is a maximum, it is easy 

to show that the hydraulic mean depth must be half 

OF the central or greatest depth. This simple 

principle enables us to construct the best form of 

channel with great facility. Describe any circle on 

the drawing-board ; draw the diameter and produce 



* When c D s= 0, The channel is triangular ; we get a = o a* 



xcot.0,aiidoa = (^.)' 
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it on both sides, outside the circle ; draw a tangerU to 
the hvoer circumference parallel to this diameter, and 
draw the side slopes at the given inclinaticnSy touching 
the circumference also on each side and terminating 
on the parallel lines : the trapezoid thus formed will 
he the best form of channel, and the width at the 
surface unll be equal to the sum of the two side 
slopes. It is easy to perceive that this construction 
may be, simply, extended for finding the best form 
of a channel having any polygonal border whatever 
of more sides than three and of given inclinations. 

Commencing with the best discharging form of chan- 
nel, which in practice will have the mean width, about 
double the depth ; an equally discharging section of 
double the width of the first will have the contents one- 
eleventh greater, and the depth less in the proportion 
of 1 to 1*85. A channel of double the mean width 
of the second must have the sectional area further 
increased by about one-fifth, and a further decrease 
in the depth from 1-67 to 1 nearly. The greater 
expense of the excavation at greater depths will, 
in general, more than counterbalance these dififerences 
in the contents of the channel. When the banks rise 
above the flood line, and are unequal in their section, 
the wider channel involves further upper extra cut- 
ting, but there is greater capacity to discharge extra 
and extraordinary flooding, the banks are less liable 
to slip or give way, the slopes may be less, and the 
velocity being also less, the regimen will, in general, 
be better preserved. The table of equally discharg- 
ing channels, p. 252, will afford the means of calculating 
the difference of cubical contents. 
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When the sectional area is given, the above table 
shows that the semicircle is the best discharging 
channel, and the complete circle the worst; the 
latter is so, however, only compared with the open 
channels given in the table, it being the very best 
form for an ervchsed channel flowing full. The best 
form of channel is particularly suited for new cuts in 
flatj marshj callow, and fen lands, in which it is also 
often advisable to cut them with a level bed, up from 
the discharging point, in order to increase the hy- 
draulic mean depth, and consequently the velocity 
and discharge. 

As the quantity of water coming down a river 
channel in a season varies very considerably, — we 
have observed it in one case to vary from one to 
thirty, and occasionally in the same channel from 
one to seventy-five, — the proportion of the water 
section to the channel itself must also vary, and 
those relations of the depth, sides, and width to each 
other, above referred to, cease to hold good and be 
the best under such circumstances. If the object be 
to construct a mill-race, temporary drain for un- 
watering a river, or other small channel, in which 
the depth remains nearly constant, channels of the 
form of a half hexagon, diagram 3, Fig. 33, will be, 
perhaps, the best, if the tenacity of the banks per- 
mit the slope ; but rivers, in which the quantity of 
water varies considerably, require wider channels in 
proportion to the depth ; and also, that the velocity 
be so proportioned to the tenacity of the soil, or as 
it is termed " tfie regimeriy' that the banks and bed 
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shall not vary from time to time to any injurious 
extent, and that any deposits made during their 
summer state, and during light freshes, shall be 
carried off periodically by floods. Another circum- 
stance, also, modifies the effects of the water on the 
banks. It is this, that at curves, and turns, the 
current acts with greatest effect against the bank, 
concave to the di- 
rection in which 
it is moving; deep- 
ening the channel 
there ; undermin- 
ing also the bank, 

as at A, Fig. 34 ; and raising the bed towards the 
opposite side b. The reflexion of the current to 
the opposite bank from a acts also in a similar man- 
ner, lower down, upon it ; and this natural operation 
proceeds, until the number of turns, increased length 
of channel, and loss of head from reflexion and 
unequal depths, bring the currents into regimen with 
the bed and banks. At all bends it is, therefore, 
prudent to widen the channel on the convex side b, 
Fig. 34, in order to reduce the velocity of approach ; 
and if the bed be here also sunk below its natural 
inclination, as we see it in most rivers at bends, the 
velocity will be farther reduced, and the permanence 
of the bed better established. 

The circumstances to be considered in deciding on 
the dimensions and fall of a new river course, after 
the depth to which the surface of the water is to be 
brought has been decided on, are the following : — 
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The mean velocity must not be too slow, or 
aquatic plants will grow, and deposits take place, 
reducing the sectional area until a new and smaller 
channel is formed within the first with just sufficient 
velocity to keep itself clear. This velocity should 
not in general be less than from ten to fourteen 
inches per second. The velodty in a canal or river 
is increased very considerably by cutting or re- 
moving reeds and aquatic plants growing on the 
sides or bottom.^ 

The mean velocity must not be too quick, and 
should be so determined as to suit the tenacity 
and resistance of the channel, otherwise the bed and 
banks will change continually, unless artificially 
protected ; it should not exceed 

%6 feet per minute in soft alluvial deposits. 

40 „ „ dayejbeds. 

60 „ „ sandy and silly beds. 

190 „ „ graveUy. 

180 ,, „ strong graveUy shingle. 

* «M. Girard a fait observer, avec raison, que les plantesaqua- 
tiques, qui croissent toigours sur le fond et sur les berges des 
canaux, augmentent consid^rablement le perim^tre mouill6, et par 
suite la resistance ; il a rapell6 que Du Buat, ayant niesur6 la 
Vitesse de Teau dans le cansd du Jard, avant et apres la coupe des 
roseaux dont il 6tait garni, avait trouv6 un resultat bien moindre 
avant qu'apres. En consequence, il a presque double la pente 
donnee par le calcul . . ." — Traite d'Hydraulique, p. 186. 
When the fall does not exceed a few inches per mile, the velocity, 
as determined from the inclination, is very uncertain, and for this 
reason it is always prudent to increase the depths and sectional 
areas of channels in flat lands, as far as the regimen wiU permit. 
In such cases the section of the channel should approximate 
towards the best form. See p. 238. 
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240 feet per minute in shingly. 

300 ,, „ shingly and rocky. 

400 and upwards in rocky and shingly.* 

A velocity of 180 feet per minute will remove an- 
gular stones the size of an egg. Mr. Phillips, under 
the Metropolitan Commissioners of Sewers, states 
that 2 1 feet per second, or 150 feet per minute, 
is suflScient to prevent soil depositing in sewers. 

The fall per mile should decrease as the hydraulic 
mean depth increases, and both be so proportioned 
that floods may have sufficient power to carry off the 
deposits, if any, periodically. The proportion of the 
width to the depth of the channel should not be 
derived, for new cuts or river courses, from any 
formula, but taken from such portions of the old 
channel as approximate in depth and in the inclina- 
tion of the surface to that proposed. When the 
depth is nearly half the width, the formula shows, 
C€eteris paribus, that the discharge will be a maxi- 
mum; but as (altogether apart from the question 

* TABLX or TBLOCITXE8 OV 80MB MOTXHO B0DZX8 OOXPASXD WITH THOSE OV BZTXBS. 



Objects in motloii. 


MUes 


Feet 

per 
second. 


Objects in motion. 


Ifiles 


Feet 
sJSd. 


Curant of slow xlT«rs . . 

Camnts of ordinsiy liTsrs, 
up to....... 


J* 

8 

7 
60 

7 
86 
80 

U 

18 
18 
83 
18 
96 


H 

10 
41 

88 

m 

62 
117i 

901 

961 

!?• 


Railway trains, French . . 
„ „ German . 

is at 82« Fahr. .... 
Ditto 60«> Fahr. . . . . 
Air rushing into Taonum . 

stands at SO inches . . 

Rifle-ball 


97 
94 

748 
766 
850 

917 

860 

1,000 


1344 

1,467 
1,600 

700 

1,626 
100,000 


Currents of rapid xlTers . 
M'Ait wslUng . . r - - 


Horse trotting . . 




Swiftest rsoe-korse 
Moderate winds . 
Storms .... 


. . 


Hurrlcsnes . . . 
Swift English stesn 

nsTigating the chai 
Swift American 

steamers . . . 


iboats 
snels. 
BiTer 


Cannon-ball 

gun, air being compress- 
ed into the hundredth 
part of its volume. . . 

A point on earth's surface 
at the equator moTing 
round the axis . . . . 

Earth moving round sun . 


1,001 

477 

1,040 
68489 


Ballwaj trains, English . 
., „ Belgian . 
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of expense) the quantity of water discharged daily, 
at diflFerent seasons, may vary from one to seventy, 
or more, and " the regimen'^ has to be maintained, 
the best proportion between the width and depth 
of a new cut should be obtained, as we have stated, 
from some selected portion of the old channel, whose 
general circumstances and surface inclination ap- 
proximate to those of the one proposed ; and the 
side slopes of the banks must be such as are best 
suited to the soil. The resistance of the banks to 
the current being in general less than that of the 
beds, which get covered with gravel, and the neces- 
sary provision required for floods, appears to be 
the principal reason why rivers are in general so 
very much wider than about twice the depth, the 
relation which gives the minimum of friction. 

The following table is given by Rennie, as an 
approximation, generally, to the actual state of 
rivers.* The surface inclinations, however, given 
in this table for the first and second classes, are 
very considerable for large rivers, and would give 
velocities which would eflfectually scour them. For 
a hydraulic mean depth of 12 feet, the velocity, with 

a fall of 1 2000 ^ would be 2 feet 8 inches per second 

by Du Buat's formula ; and 3-3 feet per second by 
our formula. The description, therefore, can only 
apply to small channels. In fact, 4 inches to a 

mile, or T57TA, is a considerable inclination for a 

large river. 

* Beport to the British Association 1834. 

r8 
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TABXOUS KIKDS OV MXVMMM, 



\]\ 



Channels wherain the resist- 
anoe from the bed, and other 
obstacles, eqnal the qnantity of 
corrent acquired from the de-l 
olivity ; so tnat the waters would ' ^^ 
stagnate therein, were it not for 
the compression and impulsion 
of the upper and back waters . 



0* 



Tf* 



inr 



"IP 



14 



Artificial canals in the Dutch \ 



and AnsCzian Netherlands 



J 



2nd. 



180 



6| 



10 00 



Bivers in low flat countries, 
AlLL of turns and windings, and 
of a veiy slow current, subject 
to frequent and lasting inunda- 



tions 



Srd. 



120 



10 



3900 



Bivers in most countries that\ 
are a mean between flat and 
hilly, which have good currents, 
but are subject to OTerflow ; also 
the upper parts of rivers in flat 
countries 



4th. 



80 



15 



400 



41 



Biversin hilly countries with\ 
a strong current, and seldom 
subject to inundations ; also all 
rivers near their sources have 
this declivity and velocity, and 
often much more 



6th. 



aj 



65 



an 



jnhv 



Bivers in monntainous coun-^ 
tries having a rapid current and 
straight course, and very rarely 
overflowing , 



40 



aeoo 



Bivers in their descent from 
among mountains down into the 
plains below, in which plains 
they run torrent- wise. . . . 



7th. 



34 



60 



ft 00 



8i 



Absolute torrents among) gxv 
mountains i 



16 



80 



TT^U 



Digitized by VjOOQ iC 



OQIFIGES, WE3BS, PIPES, AND BIVBBS. 



245 



The following information with reference to the sur- 
face inclinations of the Thames, is from Bennie's Report 
on Hydraulics,* as a branch of engineering science. 



NamMof idMat. 


Length. 


Fan. 


FaU la feet 

permJIa. 


Batloot 
indUnafcionB. 


From Lecbdale at St John's 
Bridge to Oxford at Folly 
Bridge 

From Oxford to Abingdon 
Bridge 

From Abingdon to Walling- 
ford Bridge 

From Walluigford to Bead- 
ing Bridge 

From Beading to Henley 
Bridge 

From Henley to Marlow 
Bridge 

From Marlow to Maiden- 
head Bridge 

From Maidenhead Bridge to 
Windsor Bridge .... 

From Windsor 'to Staines 
Bridge 

From Staines to Chertsey 
Bridge 

From Chertsey to Tedding- 

ton-Lock 

.From Teddington-Lock to 
liondon Bridge .... 

From London to Tanlet 
Creek 

From Lechdale to Tanlet 

Creek 

Deduct . . . 

From Lechdale to London . 


MOM. Fnr. 

38 

9 

14 

18 
9 
9 
8 

7 

8 
4 6 

13 6 

19 
40 


FMt. b. 

47 

18 11 
27 4 
24 1 

19 8 
12 3 
Iff 1 

18 6 
16 8 

6 6 

19 8 

2 9 

3 1 


1-68 

1-78 

195 

1-81 

214 

1*85 

1-86 

1-98 

1-96 

1-44 . 

1-46 

•145 

•052 


T.1^ 
T,^04 


186 4 
40 


218 




• 


146 4 





For enclosed channels, the circnlar form of sewer 
will have the largest scouring power, at a given 
hydraulic inclinatioiL For the area of the sections 
being the same, the velocity in the circular channel 
will be a maximum. When the supply is intermit- 
tent, and the channel too large, the egg-shaped form 

♦ Beport, for 1834, of the British Association. 
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with the smaller end for the bottom,— or the sides 
vertical with an inverted ridge-tile or V bottotn for 
drains,— will have a hydrostatic flushing power to 
remove soil and obstructions, which a cylindrical 
channel, only partly fall, does not possess ; because 
a given quantity of water rises higher against the 
same obstruction, or obstacle, to the flow in the 
pipe. It must be confessed, however, that for small 
drains and house-sewage, this gain is immaterial, and 
is at best but eflfected by a sacrifice of space, mate- 
rial, and friction in the upper part of drains, from 
6 to 12 inches in diameter. Besides this, the mere 
hydrostatic pressure is only intermittent, and during 
an ordinary, or heavy, fall of rain, the hydrodynamic 
power is always more eflBcient in scouring properly- 
proportioned cylindrical drains ; and the workman- 
ship in the form and joints is less imperfect than for 
more compound forms, as those with egg-shaped and 
inverted tile bottoms. The moulds and joints of 
cylindrical stone-ware drains, exceeding 12 inches 
in diameter, are seldom, however, in large quantities 
perfect ; and the expense will exceed that of brick, 
stone, or other sufiQcient drains in most localities. 

As to the increased discharging power which it is 
asserted by some, stone-ware cylindrical drains pos- 
sess over other ordinary drains, no doubt it is true 
for small sizes, because the form, jointing, and sur- 
face are in general more smooth and circular ; and 
for sewage matter^ the friction and adherence to the 
sides and bottom is less ; any advantage from these 
causes becomes, however, immaterial for the larger 

"K Weisbach found the coefficient of resistance 1*75 times as 
great for small wooden as for metallic pipes. All penMokiU pipes 
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sizes, as these can be constructed of brick or stone 
abundantly perfect to any form, and sufficiently 
smooth for all practical purposes, for in the larger 
properly-proportioned sizes the same amount of sur- 
face roughness opposed to the sewage matter is, com- 
paratively, df no efifect. The judicious inclination 
and form of the bottom, and properly curved junc- 
tions, are the principal points to be attended to. 
Smaller drains tile-bottomed, with brick or stone 
sides, and flat-covered, have one great advantage 
over circular pipes.* They can be opened up, for 
examination and repairs at any time with facility, 
and at the smallest expense ; but greater certainty 
must be attached to the working of small stone-ware 
drains than to equally-sized small brick or stone 
drains, and they will be found, in general, also 
cheaper. This, however will depend on the locality. 
It may be observed in numerous experiments, 
that water flowing from a pipe does not entirely fill 
the orifice of exit, when the velocities are not con- 
siderable, and yet the results are found to be but 
slightly afiFected if a little more than three-fourths of 
the circumference be full. It is easy to demonstrate 
that the full circle does not give the maximum dis- 
charging velocity as has been generally believed, but 

present greater resistance than impermeable ones ; hence the prin- 
cipal advantage derived from glazing. 

* Half-socket joints at bottom would remedy this imperfection 
in small pipes, and they could be better laid and cemented. A 
semicircular flange laid on at top would effectuaUy protect the 
joint on the upper side. Latterly Doulton has cut off an upper 
segment from the pipe, which can be removed for cleaning. And 
it may be demonstrated, that when this is a segment of 78} 
degrees, the lower portion wiU discharge more than a full pipe at 
the same inclination. 
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when filled to the height Fipr. 34a. 

of the chord ac of arc 

aec oflSi degrees, and 

where the velocity is 9i 

per cent, over that due 

to the full circle, for then 

i ■■ area adc • 

the — — =- IS a maxi- 

arc aae 

mum, and the length of 

the arc adds equal to the tangent of the supple- 
mental arc aecy2j& may be without difficulty demon- 
strated. The hydraulic mean depths of the circle 
and larger segment are to each other as 5 to -6, and 
their square roots, which are as the velocities or 
scouring powers, are as 1 to 1-095. The discharging 
powers are to each other as 1x3-1416 to 1*096 
X 2-946, or as 1 to 1-026, which shews that the seg- 
ment adc has also a greater discharging power than 
the whole circle of nearly three per cent. These facts, 
which were first pointed out by the author, are not 
unimportant in matters connected with pipe-drains 
and sewerage. The eflTects of greater velocity and 
discharge here pointed out, are sometimes increased, 
in short pipes, from the fall between the surface a c,and 
the surface from which the head is measured, being 
greater than the fall to the top of the pipe at e, or from 
the inclination of the surface of the water in the pipe 
being greater than the inclination of the pipe itself. 

EQUALLY DISCHARGING CHANNELS. 

In order that different channels should have the 
same discharging power, the inclination of the sur- 
face being the same, the areas must be inversely as 
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the square roots of the hydraulic mean depths. The 
channel a rfcB, Fig. 35, will have the same discharge 
as the channel a n c b if they be to each other 
ADCB ^i x^ t adcB A 



843 



(i 



D + DC + CB 



}**»l5 



d -{-de + cBi 




and hence the square root of the cube of the channel 
area, divided by the border, must be constant. With 
a fall of one or more feet to a mile, two channels, one 
70 feet wide and 1 foot deep, and the other 20 feet 
wide and 2i feet deep, will have the same dis- 
charge. If we put w for the width and d for 
the depth of any rectangular channel, then 



I ^ g ^l *= w ; we therefore have the cubic equation 
(122.) 



d^^ 



2m» 



d = 



for finding the depth, d of any other rectangular 
channel whose width is w, of the same discharging 
power. We have calculated the depths d for diflFerent 
widths of channel from this equation, assuming a 
width of 70 feet and different depths to find m from. 
The results are given in Table XI., which will be 
found suflSciently accurate for all practical purposes, 
when the banks are sloped, by taking the mean width. 
This table is equally applicable to any measures 
whatever, to their multiples, and sub-multiples. 

If the hydraulic inclinations vary, then the y/rs 
must be inversely as the areas of the channels when 
s/Vs X channel or the discharge is constant ; and if 
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the area of the channel and discharge be each con- 
stant, r must vary inversely as 5; and r 5 be also 
constant. For instance, a channel which has a fall 
of four feet per mile, and a hydraulic mean depth of 
one foot, will have the same discharge as another chan- 
nel of equal area, having a hydraulic mean depth of 
four feet, and a fall per mile of only one foot. If in 
Table XII. we take the same discharge from the 
columns for different inclinations, we shall get the 
mean rectangular dimension^ corresponding to them 
in the first column, and thereby be enabled to select 
an equally discharging channel from Table XI., suited 
to an increase or decrease of the hydraulic inclina- 
tion.* 

We have, however^ calculated for this edition the 
table at p. 252, of equally discharging river channels, 
with a primary channel having a mean width of 100, 
instead of 70, as in Table XI. ; and in the table at 
p. 253 we have given the discharges at different in- 
clinations from this new primary channel, to find 
those from its equivalents. The tables at pp. 42, 43, 
253, and Table VIIL, have been calculated from 
Du Buat's formula. For slow velocity of only a few 
inches per second, the dimensions should be increased 
by about one-sixth, and the discharges by about one- 
half. 

With reference to pipes, it is apparent that a given 
depth of roughness or contraction arising from any 

* Tables similar to numbers XI., XII., and XIII., but on a 
much more extended scale, have been printed and published by 
Mb. Weale, on a separate sheet for office use, and may be had 
from him. 
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cause will have a greater effect the smaller the dia- 
meter becomes. Now in practice, it is necesfeary to 
increase the diameter beyond what is found by calcu- 
lation. For small setvice pipes half-an-inch iS the 
smallest diameter in gienei*al use. For mains and 
sub^mains the value of c, in equation (74B), or at p. 
214, should at least be doubled, or the dischat'ge taken 
at one and a half times its amount to find the dia^ 
meter. By enlarging the diameter by one-seventh, onie- 
half the amount will be added to the discharge, very 
nearly; and by increasing the diameter by one-third, thei 
discharge Will be doubled. In a broad and practicial 
sense, and considering the losses arising froin depo^ 
sitionfei,* pipes under two inches should have dnfe- 
third or more added to theil* calculated dimensions, 
and larger pipes from one-third to one-seventh^eVen 
after making allowance for junctions, bends, and con- 
tractions. For large conduits or channels the allow- 
ance need not be so large, if the maximum quantity 
to be conveyed be duly estimated; 

* Mr. Bateman lately in giving evidence says :-^<' He wished 
to mention a circumstance which might be useful with regard to 
the spongillee found in the Dublin water pipes. At Manchester, 
before the introduction of soil water, the city was supplied with 
hard water, which favoured the growth of a smaU fresh- water 
mussel, which thickly line the reservoirs and pipes. There were 
myriads of them, and they lay in the pipes as thick as paving 
stones. These were caused by the large quantity of lime in the 
water. He was curious to see what would be the effect of passing 
water without lime. This was done ten or eleven years ago, and 
the result was that these mussels had entirely disappeared. There 
was no longer anything from which they could make their sheUs, 
and for years, on their discharge, the small pipes were found 
choked with them. If soft water were supplied to Dublin in 
place of the present hard water, which probably lavoured the 
growth of spongiUsB, they would probably disappear." 
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Mean reotangnlar dimensions of 




in any 


Primsry 




• their aliquot parts, or multiples. 


Channel 


Mesn 


Mesn 


Mesn 


Mean 


Mesn 


Mean 


Mean 


Mean 


Mean 


Mesn 


Mean 


width 


width 


width 


width 


width 


width 


width 


width 


width 


width 


widUi 


90 


80 


70 


eo 


60 


40 


80 


90 


15 


10 


100 


•11 


•12 


•18 


•14 


•16 


•18 


•22 


•29 


•85 


•47 


•1 


•13 


•14 


•16 


•17 


•20 


•28 


•28 


•37 


•45 


•60 


•125 


•21 


•28 


•25 


•28 


•32 


•87 


•45 


•60 


•78 


•98 


•2 


•37 


•29 


•82 


•35 


•40 


•46 


•56 


-75 


•92 


1^25 


•25 


•32 


•35 


•38 


•42 


•48 


•56 


•68 


•90 


111 


1-52 


•3 


•40 


•44 


••48 


•53 


•60 


•70 


•85 


113 


1^40 


1-94 


•875 


•43 


•46 


•51 


•56 


•64 


•74 


•91 


121 


1-60 


208 


•4 


•54 


•58 


•64 


•71 


•80 


•93 


1^14 


1-58 


1^90 


2^67 


•5 


•64 


•70 


•76 


•85 


•96 


M2 


r37 


1^85 


2-31 


3^28 


•6 


•67 


•73 


•79 


•88 


1^00 


M6 


1^43 


1-93 


2-42 


8-44 


•625 


•75 


•81 


•89 


•99 


M2 


131 


161 


2-17 


2-73 


8-92 


•7 


•80 


•87 


•95 


106 


1^20 


1^41 


1^73 


284 


2-95 


4 25 


•75 


•86 


•93 


1-02 


1-13 


1^29 


1^50 


1^85 


251 


8-17 


4^59 


•8 


-04 


102 


112 


1-24 


1-40 


164 


2-02 


2-76 


8^50 


510« 


•875 


•97 


105 


1-15 


1^27 


145 


1-69 


2^08 


2-84 


3-61 


5^2H 


•9 


1-07 


1^16 


127 


1^42 


1^61 


1-88 


2-32 


8- 18 


4-07 


5-99 


10 


1-21 


1-31 


143 


1^60 


1^81 


213 


2-63 


3-62 


4^64 


6^92 


125 


1-29 


140 


153 


1^70 


1-94 


2-27 


281 


8-88 


5^00 


7^50 


1^2 


1-35 


1-46 


1^60 


1-78 


2^02 


2-37 


2^94 


406 


5^24 


7^89 


1^125 


1-40 


151 


1^66 


1-85 


2^10 


2-47 


8^06 


4-24 


5-48 


8-29 


1-8 


1-48 


1-60 


1^76 


1-96 


2-23 


2^62 


8-25 


4-51 


5^85 


8^89 


1^375 


1-50 


1-68 


1^79 


1-99 


227 


2^66 


3^81 


4^60 


5-97 


9^10 


1^4 


1-61 


1-75 


1-92 


214 


2-43 


2-86 


3-56 


4^97 


6-47 


9^92 


1-5 


1-72 


1^86 


205 


2-28 


2^60 


3-06 


3-81 


534 


6-98 


10-78 


16 


1-75 


1-89 


2^08 


2-32 


264 


3^11 


3-87 


6-43 


Ml 


11-00 


1-625 


1-83 


1^98 


217 


248 


2-76 


8^26 


4-06 


5-72 


7-50* 


11-66 


1-7 


1-88 


2^04 


2-24 


2^50 


2^85 


8^36 


4-19 


5^91 


7-77 


12-10 


175 


1^3 


2^10 


2^30 


2-57 


2-93 


3-45 


4^32 


6^09 


8-03 


12-54 


1-8 


2-02 


2^19 


2-40 


2-68 


305 


3-60 


4-51 


6^38 


8-43 


13-23 


1-875 


2^04 


2-22 


2^43 


2-71 


8-10 


8^05 


4-57 


6^48 


8-67 


13-46 


1-9 


215 


2-33 


256 


2-86 


8-26 


3-86 


4^83 


687 


9-11 


14^39 


2-0 


•2-26 


245 


2^69 


3^01 


343 


4^06 


5-09 


7-27 


967 


1535 


2-1 


2-37 


2^57 


2-82 


8^15 


3-60 


4-26 


5-36 


7-66 


10-23 


16 32 


2-2 


2-47 


2-69 


2-95 


8-80 


3-77 


4-4Q 


5-62 


8^07 


10-80 


17-31 


2-8 


2-58 


2^80 


3^08 


3^44 


3^94 


4-67 


6-89 


8-48 


11-38 


18^33 


2-4 


2-69 


2*92 


321 


3^59 


411 


4^87 


6^16 


8-79 


11-97 


19^35 


25 


2^80 


3-04 


3^84 


3^74 


4^28 


5^08 


6-42 


9-31 


1257 


20^40 


2^6 


2^91 


8^16 


3^47 


3^88 


4^55 


5-28 


6-69 


9-73 


1317 


21^46 


27 


301 


3-27 


3-60 


4^03 


4-62 


5-49 


6-97 


1016* 


13-78 


2252 


2-8 


3-12 


3-39 


3-78 


4-18 


4^79 


5^70 


724 


10-59 


14-40 


23-63 


29 


3-23 


8^51 


3"86 


4-42 


4-96 


5^91 


7^52 


11^02 


15-03 


24-75 


80 


3-;u 


3-63 


3-99 


4^47 


5^13 


6-12 


7-79 


11^46 


15-68 




8*1 


3-46 


8-75 


4^13 


4^02 


5-30 


6-88 


8-07 


11^90 


K 




3^2 


3-55 


8^86 


4^26 


4^77 


5-48 


6^54 


8^35 


12-85 


1( 




3^3 


3-66 


3-98 


4-39 


4^92 


5-65 


6^75 


8^64 


12-80 


i-; 




3^4 


3-77 


4-10 


4-52 


5-06 


5^82 


6-96 


8-92 


13-26 


1^ 




85 


3-88 


422 


4-65 


5^21 


6^00 


M8 


9^21 


13^71 


1^ 




3-6 


3-99 


4-34 


4-78 


5-36 


617 


7^39 


0-49 


14^18 


11 




8^7 


4-09 


4^46 


4-91 


5-51 


6-35 


7^60 


9^78 


14-65 


2( 




8^8 


4-20 


4^58 


5-05 


5^66 


6^52 


7^82 


10^07 


15-12 






89 


4-31 


4^69 


5-18 


5^81 


6^70 


8-04 


10-86 


15-59 






4^0 


4-42 


4^81 


531 


5^96 


6^87 


8-25 


10-66 


16^07 






41 


4-63 


4-93 


5-44 


e-n 


7^05 


8^47 


10^95 


16-55 






42 


4^64 


5^05 


557 


6-26 


7^28 


8-69 


11-25 


17-04 






48 


4^74 


5-17 


571 


6^41 


7^40 


8-91 


11^55 


17-53 






4^4 


4-85 


5^29 


5-84 


6*56 


7^58 


918 


11-85 


18-02 






4^5 


4^96 


5-47 


5-97 


6^72 


7-76 


935 


1215 


18-52 






4^6 


507 


553 


610 


6-87 


7^94 


9^57 


12-46 


19^02 






4^7 


518 


5^64 


6-24 


702 


8-12 


9-79 


12-75 


19^58 






4-8 


6-29 


5-76 


6^37 


7^17 


8^29 


10-02 


13^06 


20^04 






49 


5-40 


5-88 


6^50 


7^32 


8-47 


10^24 


13-37 
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4 inches 


6 inches 
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24 inches 


80 inches 
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per mile, 
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per mile,'permile,,per mile 


per mile, 


per mile. 


per mile. 


per milt 


lin 


lin 


lin 


lin 


lin 


lin 


lin 


lin 


lin 


lin 


15840. 


10660. 


7040. 


628a 


^24. 


8590. 


8017-1. 


264a 


2112. 


1760. 


•1 


110 


140 


176 


207 


286 


260 


284 


806 


846 


881 


•126 


157 


198 


260 


294 


832 


878 


402 


488 


490 


64J 


•2 


326 


409 


616 


606 


686 


760 


828 


i-n 


1,009 


i,ir. 


•25 


455 


676 


726 


868 


300 


1,070 


1,166 


1,266 


1,422 


1,674 


•8 


601 


760 


967 


1,126 


1,276 


1,412 


1,689 


1,668 


1,876 


2,07C 


•376 


844 


1,068 


1,844 


1,682 


1,798 


1,986 


2,162 


2,829 


2,637 


2,918 


•4 


931 


1,178 


1,484 


1,746 


1,977 


2,189 


2,886 


2,669 


2,900 


8,22C 


•6 


1,808 


1,668 


2,081 


2,447 


2,776 


8,071 


8,347 


8.606 


4,088 


4,518 


•6 


1,721 


2,178 


2,748 


3,227 


8,657 


4,047 


4,410 


4.762 


6.401 


6,966 


•625 


1,830 


2,816 


2,917 


8,481 


3,887 


4,808 


4.690 


6,068 


6.796 


6.332 


•7 


2,177 


2,760 


8.468 


4,02 


4,614 


6.109 


6.668 


6,999 


6.986 


7.616 


•76 


2,414 


8,029 


8,844 


4,620 


6,128 


6.674 


6,180 


6.660 


7,667 


8,342 


•8 


2,660 


8,863 


4,286 


4,982 


6,646 


6,268 


6,811 


7,840 


8,309 


9,194 


•876 


8,044 


8,860 


4,846 


6,708 


6,463 


7,167 


7,770 


8,401 


9,618 


10,527 


•9 


3,175 


4,017 


6,060 


6.961 


6,743 


7,467 


8.082 


8,766 


9,926 


10,984 


1-0 


3,731 


4,711 


6,988 


6,973 


7,903 


8,760 


9,618 


10.278 


11.684 


12,877 


1-126 


4,441 


6,614 


7,071 


8,818 


9,421 


10,430 


11,369 


12.216 


18,867 


16,847 


1-2 


4,880 


6,186 


7,791 


9.168 


10.881 


11,494 


12,621 


18,494 


16,280 


16.914 


125 


6,207 


6,682 


8,291 


9,762 


11,048 


12,282 


13,336 


14.361 


16,261 


18,000 


1-3 


5,529 


6,981 


8.798 


10.867 


11.718 


12,974 


14,146 


16.284 


17,246 


19.091 


1-375 


6,004 


7,691 


9,661 


11,246 


12,784 


14,107 


16.386 


16,676 


18,762 


20,756 


1-4 


6,167 


7,797 


9,821 


11.644 


18,087 


14,491 


16,794 


17,081 


19,262 


21,318 


1-5 


6,844 


8,668 


10,H98 


12,818 


14,624 


16,081 


17,628 


18,917 


21,876 


28,668 


1-6 


7,538 


9,620 


12,002 


14,116 


16,994 


17,709 


19,296 


20.829 


28,689 


26.063 


1-625 


7,706 


9,741 


12,272 


14,428 


16,848 


18,102 


19,724 


21,286 


24,061 


26,631 


1-7 


8.252 


10,482 


18,189 


16,432 


17,609 


19,860 


21,126 


22,780 


26,769 


28,628 


1-75 


8,617 


10,898 


13,719 


16,184 


18,282 


20,241 


22,060 


28,776 


26,907 


29,784 


1-8 


8,993 


11,869 


14,318 


16,861 


19,079 


21,124 


28,024 


24,821 


28.081 


81,086 


1-875 


9,561 


12,088 


16,226 


17,906 120.287 


22.468 


24,476 


26.872 


29.860 


88,062 


1^9 


9,741 


12,816 


16,616 


18,246 20,672 


22,890 


24,946 


26.872 


80,4261 88,682 


9-0 


10,615 


18,297 


16,768 


19,702 22,320 


24,718 


26,986 


29,019 


82,862' 86,868 


2-1 


11,307 


14,300 


18,020 


21,192 28,99] 


26,661 


29,074 


81.218 


86,884 


89,106 


2*2 


12,110 


16,814 


19,297 122,689 '26,708 


28,467 


81,024 


88,424 


87,888 


41.878 


2-3 


12,985 


16,867 


20,608 '24,285 127,466 


80.407 


88,184 


86,694 


40,410 


44,724 


2-4 


13,781 


17.426 


21,954 26,816 '29,260 


82,8 »2 


85,299 


38,022 


48,048 


47,648 


25 


14,647 


18,620 :28,8:r2 27.436 131,087 
19,646 '24,747 '29.100 182,974 


34,426 


87,616 


40,407 


45,760 


60.684 


2-6 


15,538 


86,614 


89,794 


42,856 


48,626 


68,706 


2-7 


16,430 


20,773 26,167 80,770 ,84,867 


38,610 


42,078 


46,816 


61.811 


66,789 


2-8 


17,333 


21,916 27,606 82,462 '86,784 


40,783 


44.890 


47,809 


64,181 


69,918 


a-9 


18,257 


28,084 29,076 84.198 '88,744 


42,906 


46,766 


60,369 


67,017 


63,110 


8^0 


19,203 


24,280 J80,681 l8o,968 140,760 


46.127 


49,176 


62.968 


69,968 


66.379 


3-1 


20,167 


•26,498 82,120 


87,767 42.794 


47,392 


61,640 


66,684 


62.986 


69,709 


3-2 


21,146 


26,787 88,678 


89,600 |44,871 


49,692 


64,148 


68,827 


66,088 


78.097 


3-8 


22,118 


27,969 86,226 


41,426 46,989 


61,978 


66.640 


61,017 


69,077 


76,466 


8-4 


23,106 


29,220 86,798 


48,276 


49,036 


54.802 


69,171 


68,746 


72,164 


79,879 


3-5 


24,115 


30,497 88,407 


45.166 


61,1H0 


56,676 


61,768 


66,684 


75.322 


83,371 


3-6 


25,139 


31,796 40.040 


47,086 


63,866 59,084 


64,884 


69,366 


78,526 


86,916 


3-7 


26,182 


88,116 41,702 


49,041 


66,672 61.682 


67,068 


72,249 


81,789 


90,524 


3-8 


27,233 


34,446 


48,379 


61,018 57,807 64,009 


6:),763 


76.168 


86,078 


94,162 


3-9 


28-287 


86,777 


46.060 


62,989 60.046 66.489 


72,466 


78.061 


88.871 


97,810 


4-0 


29,356|87,128 


46,766 


64.9S4 ^62,318 169.006 


76,197 


81,012 


91.710 


101,512 


41 


30,438 ;^,4i)6 


48,492 ,67.024 ;64,616 '71,658 


77,978 


88,'.»99 


96,0^»3 


106,26'.> 


4-2 


31,538 


39,H84 


60,246 69,0H6 66.U60 74.141 


80,7^8 


87.088 


98,635 109,066 


4-3 


32,654 41,294 


r.2,027,61,lH0,6J,827 76,769 


88,666 90,116 


102,026 112,93" 


4-4 


33,776 42.712 |68,816 63,288 71,709 179,406 


86.6-29 98.209 


105.5311116,811 


4*5 


34,908 44,138 |6o,6l3 ,60,894 


74,100,82,062 


89.413 96,318 


109.0641 120,709 


4-6 


36,041 46,679 |67,429 '67,627 


76.600 .84.726 


92,3-27 99,460 


112 6i4|124,647 


4-7 


87,193147,034 :69,2«2 l6i,682 


78,966 i8r.4i6 


96,271 102.682 


116,2091128,626 


4-8 


38,363 


48,614,61,128,71,874 


81,488 190,178 


98,266 |l06,860 


119,866 132,672 


4-9 


39,544 


50,009 |68,011 


74,087 


88,944 92,946 


101,289 109,119 


123,669 


186,768 


6-0 


40,725 


61,607 64,896 


76,298 


86,460 96,720 


104.318 112,876 


127,248 


140,841 
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SECTION X. 

EFFECTS OF ENLARGEMENTS AND CONTRACTIONS. — BACKWATER 
WEIR CASE,— tONa AND SHOI^T WRIRS. 

When the flowing section in pipes or rivers expands 
or contracts suddenly, a loss of head always ensues ; 
this is probably expended in forming eddies at the 
sides, or in giving the water its new section. A side 
current, moving slowly upwards^ may be frequently 
observed in the wide parts of rivers, when the channel 
is unequal, though the downward current, at the 
centre, be pretty rapid ; and though we may assume 
generally that the velocities are inversely as the sec- 
tions, when the channels are uniform, we cannot 
properly do so when they are not, and the motions 
so uncertain as those referred to. When a pipe is 
contracted by a diaphragm at 
the orifice of entry. Fig. 27, 
we have seen (equation 60), 
that the loss of head is, 

(123.) h= j^ . 

When the diaphragm is placed in a uniform pipe, 
Fig. 36, then a = o, and we get the loss of head 

(^_i)V 

(124) h= ^g , 

and the coefficient of resistance 

as in equation (67). The coefficient of discharge c^ is 
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?a5 



here equal to the coeflScient of contraction c^, o- very 
nearly. Now we have shown in equation (45), and 
the remarks following it, that the value of the co* 
efficient of discharge, o^, varies according to the ratio 

of the sections, ^,* and in Table V. we have calcu- 
a e 

lated the new coefficients for different values of the 

patios, and different values of the primary poefficient 

Cd, If we assume c^, when a is very large compare(J 

with a, to be •628, we then finji by attending to the 

remarks at pp. 109 and 128, that the different values of 

Cd corresponding to -807 x A taken from Table V., 

are those in columns Nos. 2 an4 5 of the next small 

TABLE or C0EFFICIEKT8 FOB CONTBACTION, BT A DXAP^BAO]C IK A FZFB, 



a 






a 






A 


Cd 


Cr 


4 


Cd 


Cr 


•0 


•628 


infinite 


•6 


•718 


r790 


•1 


•630 


321-a 


•7 


•768 


♦807 


•3 


•636 


47-1 


•8 


•807 


•301 


•8 


•647 


17-a 


•86 


•846 


•164 


•4 


•661 


7-7 


•9 


•890 


•062 


•5 


•688 


3-7 


1 


1^000 


•000 



* The general value of <?«» as given by Professor Rankine, is 

•618 . , 

' when a 8= jk, as it 



Co=- j-T, which is equal to unity 

(1- -618^4 



should be ; and equal to -618, when a is very small, compared with 
▲, as it also should be when the diaphragm is a thin plate, hvX 
not othervme. If the thickness of the diaphragm be twice the dia- 
meter of the orifice a, the coefficient of discharge would be 'SIS ; 
and if the higher arris be rounded, this would be increased to 1, in 
which cases the expression would clearly fail ; the thickness of the 
diaphragm and the form of the aperture a must also be considered. 
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table, the yalnes of the coefficient of resistance, in 
colamns 3 and 6, being calculated from equation (125) 
for the respective new values of the coefficient of 
discharge thus found. The table shows that when 
the aperture in a diaphragm is Aths of the section of 
the pipe, that 47 times the head due to the velocity 
is lost thereby. If the aperture in the diaphragm be 
rounded at the arrises, the loss will not be so great, as 
the primary coefficient c^ will then be greater than 
that due to an orifice in a thin plate: see coefficients, 
p. 174. 

When there are a number of diaphragms in a tube, 
the loss of head for each must be found separately, 
and all added together for the total loss. If the 
diaphragms, however, approach each other, so that 
the water issuing from one of the orifices a, Fig. 36, 
shall pass into the next before it again taked the 
velocity due to the diameter of the pipe, the loss will 
not be so great as when the distance is sufficient to 
allow this change to take place. This view is fully 
borne out by the experiments of Eytelwein with tubes 
103 inch in diameter, having apertures in the diaph- 
ragms of -51 inch in diameter. 

Venturi's twenty-fourth experiment, with tubes 
varying from '75 inch to -934 inch in diameter at the 
junction with the cistern, so as to take the form of 
the contracted vein, and expanding and contracting 
along the length from -75 to 2 inches and from 2 
inches to '75 inch alternately, shows the great loss of 
head sustained by successive enlargements and con- 
tractions of a channel, even when the junction of the 
parts is gradual. Calling the coefficient for the short 
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tabe, with a junction of nearly the form of the con- 
tracted vein, 1, then the following coefficients are 
derivable from the experiment :— 

Short tube with rpunded jimotion , • « . 1' 

One QnlargQment '741 

Three enlargements '669 

Five enlargements t *464 

Bimple tube with a rounded junction of the 
same length, 36 inches, as the tube with 

the five enlarged parts ....... '730 

The head, in the experiment, was 32i inches. Venturi 
states that no obs^rvabl^ differences occurred in the 
times of discharge when the enlarged portions were 
lengthened from 3i to 6 J inches. See tables, pp. 152 
and 191. 

With reference to this experiment, so often quoted, 
it is necessary to remark that the diameters of the 
enlarged portions were 2 inches each, while the lengths 
varied only from 31 to 6^ inches, and consequently 
were at most only 31 times the diameter. Now with 
such a large ratio of the 
width to the length of the 
enlarged portions, a a b 6, 
Fig. 37, it is pretty clear 
that a good deal of the head ^ 
is lost by the impact of the moving water on the 
shoulders a and b. That this is so is evident from 
the fact, stated by the experimenter, of the time of 
discharge remaining the same when a a, in five dif- 
ferent enlargements, was increased from 3i to 6i 
inches ; though this must have lengthened the whole 

_.... ^-J i^i^li ,iioiflw 
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tube from 36 to 60 inches * thereby increasing the 
loss from friction proportionately, but which happened 
to be compensated for by the reduction in the resist- 
ances from impact at A and b, and in the eddies, by 
doubling the lengths from a to a. 

If, however, the length from a to A be very large 
compared with the diameter, and the junctions at /?, 
A, B, and by be well grafted, less loss will arise from 
the enlargement than if the smaller diameter con- 
tinued all along uniform. The explanation is clear, 
as the resistance from friction is inversely as the 
square roots of the mean radii ; and the length being 
the same, the loss must be less with a large than a 
small diameter. 

These remarks, mutatis mutandvf, apply equally to 
rivers as to pipes. We have already, pp. 140 and 147, 
pointed out the effects of submerged weirs and con- 
tracted river channels, and given formulae for calcu- 
lating them. 

BACKWATER FROM CONTRACTIONS IN RIVERS. 

A river may be contracted in width or depth, by 
jetties or by weirs ; and when the quantity to be dis- 
charged is known, we have given, in formulae (9), (56), 
and (57), equations from which the increase of head 
may be determined. The effect of a weir, jetty, or 
contracted channel of any kind, is to increase the 
depth of water above ; and this is sometimes neces- 
sary for navigation purposes, or to obtain a head for 
mill power. When a weir is to: rise over the surface, 
we can easily find, from the discharge and length, the 
discharge per minute over each foot of length, with 
which, and the coefficient due to the ratio of the 

* The dimenBions throughout this experiment are given as in 
the original, viz. in French inches. 
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sections, ob and abore the weir, found from Table V., 
we can find the head from Table VI, For submerged 
weirs and contracted widths of channel, the head can 
be best calculated, by approximation, from the equa- 
tions above referred to. 

The head once determined, the extent of the back- 
water is a question of some importance. If f c o d, 
Fig. 38, be the original surface of a river, and a a b p 
the raised surface Tjy backwater from the weir at a, then 
the extent a y of this backwater, in a regular channel, 
will be from 15 to 19 times ac drawn parallel to the 
horizon to meet the original surface in c. This rule 



will be found useful for practical purposes ; but in 
order to determine more accurately the rise for a 
given length, Bi Bj or Bi b, of the channel, it is neces- 
sary to commence at the weir and calculate the 
heights from a to b, b to Bi, and from Bi to Bj sepa- 
rately, the distance from a to Ba being supposed 
divided into some convenient number of equal parts, 
so that the lengths a b, bBi, &c., may be considered 
free from curvature. Now, as the head a d is known, 
or may be calculated by some of the preceding for- 
mulae, the section of the channel at the head of the 
weir also becomes known, and thence the mean velo- 
city in it, by means of the discharge over the weir. 
Putting a for the area of the channel at a h, rf for its 
depth AH, and v for the mean velocity; also Ai for 

83 
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the area of the channel at bi, ^ for its depth, and vi 
for its mean velocity ; b^ the mean border between 
the sections at ah and bi; r^ the mean hydraulic 

depth ; — 2"^ ^^ mean velocity ; adz^A; bo = Ai; 

the sine of angle o d b z= 5 ; and the length ab = do 

nearly z= /; we get a x v = Ai ^ v^ and r^ = ' ^^ ^ ; 

but as, in passing from b to a, the velocity changes 

^ ^ 

from Vi to Vy there is a loss of head equal ^^q ^ 

and if c, be the coefficient of friction, there is a loss 

of head from this cause equal c, x — X — Yq — » 
hence the whole change of l^ead in passing from b to a 

18 equal to c, x — X -^-V — - — -hi — . But this 

change of head is equal to BE-rAD = B0 + oe — ad 
=.h^-\-ls — h,, whence we get 

(126.) A,-A = d,^</=c,x-;rX-^^^^tJ!? 



2^7 

-^^ J A + Ai ^, - 

or as Vi = — , and r„ = -^ — , we get, by a few re- 
Ai ^o^ 

ductions and change of signs, 

(127.) h-h, = {s^c, X J. X ^^ X^)/ 

and therefore we get 
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T r A* — A? V* 

(128.) 1= ^ ^^ 



&.X(A + A,) V^^ 

s c,x 2 a? ^ 2ff 



from which we can calculate the length / corre- 
sponding to any assumed change of level between a 
and B, Then, by a simple proportion we can find 
the change of level for any smaller length. To find 
the change of leVel directly from a given length does 
not admit of & direct solution, for the value of A — Ai 
in equation (127) involves Ai, which depends again 
on h — hi, land further reduction leads to an equation 
of a higher order ; but the length corresponding to 
a given rise, Ai, is found directly by equation (128). 
When the width of the channel, w, is constant, and 
the section equal to w x d nearly, the above equa- 
tions admit of a further reduction for Ai = diw and 
A = dw; by substituting these valued in equation 
(127) it becomes, aftier a f6W reductions^ 
(129.) h — h^—d—d^ 

= {s-c,xb^X 2"^^ X 2^) ' + -rfT ^ 2^ ^ 
or, as it may be farther reduced, 

(130.) ^.^='^1^1^^^^^^^-1S.^I 

Now, we may take in this equation for all practical 
purposes, 

d + d^ b^ h_ 

2di ^diW^dtv^ 

approximately, b being the border of the section at 
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ah; and also, ^a ^ = 5> approximately; there- 
fore we shall have 

b 1^ 



(131.) A-Ai= 2 i?~^^'^ 

and 

(132.) ^= &_ / • 

*~'^'^rftt;^2^ 

Now, as T— = -, 2 « = 64-4, and the mean value of 
' aw r^ ^ ' 

the coefficient of friction for small yelocities C( = 

•0078, we shall get 

64-4 rf*- -0078 ^t)» 

(133.) *. = A 64-4 rf- 2 1;' ^.^^ 

and 

(134.) I =t (^-^)X(64-4rf-2f;' ) 

64-4rf«--0078-»» * 

T 

very nearly* Having by means of these eqnations 
found AB from bo or b e, and b o from ab^ we can in 
the same manner proceed up the channel and calcu- 
late Bi c, Bj Ci, &c., until the points b, Bi, Bj in the 
curve of the backwater shall have been determined, 
and until the last nearly coincides with the original 
surface of the river. When Aj = 0, we shall have 

64-4 rf*- -0078 -t;« 

T 

* = 64-4rf-2»" ^ '• 
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If we examine equation (134) it appears thaTwlieii 
64-4 rf = 2 r', / must be equal to zero ; or. when 

d v" 

2 == gj-^, equal the height due to the velocity v. 

When / is infinite, 64-4rf must exceed 2t;*, and 64-4rf5 
equal to -0078 i;*; 

T 

or, ,QQy^ = tr, and v = 90-9 y/r s. 

This is the velocity due to friction in a channel of 
the depth rf, hydraulic mean depth r, and inclination 
s ; and, as in wide rivers r = d nearly, t? r= 90 9 
x/cTs, but when the numerator was zero we had from 
it r = \/32-2 d ; equating these values of v, we get 

$ ='0039 = —nearly : see p. 139; Now, the larger 

the fraction s is, the larger will the velocity v become ; 
and the larger v becomes, the more nearly, in all 
practical cases, will the terms 

64-4rf — 2 !?• and 64-4^5- -0078 -t;», 

r 

in the numerator and denominator of equation (134), 

approach zero ; when 64-4 d — 2fr^ becomes zero first, 

d 

/ = ; when 644 c?* — -0078 - v^ becomes zero first, 

/ equals infinity ; and when they both become zero 
at the same time, l = h — A„ and « = — , see p. 139 ; 

256 

if s be larger than this fraction, the numerator in 
equation (134) will generally become zero before the 
denominator, or negative, in which cases / will also 
be zero, or negative ; and the backwater will take the 
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form p Ca ^2 *i * «i «, Fig- 38, with a hollow at c^. 
Bidone first observed a hollow, as f C2 *j, when the 

inclination s was ~. When the inclination of a rivet 

90 

channel changes from greater to less^ the velocity is 
obstructed, and a hollow similar to f Oa 63 sometimes 
occurs ; when the diflference of velocity is consider 
able, the upper water at ft, falls backwards towards 
c, and F, and forms a bore, a splendid instance of 
which is the paroroca, on the Amazon, which takes 
place where the inclination of the surface changes 
from 6 inches to Jth of an inch per mile, and the 
velocity from about 22 feet to 4i feet per second* 

WBIB CASE, LONG AKD SHOBT WEIRB. 

When a channel is of very unequal widths, above 
a weir, we have found the following simple method of 
calculating the backwater suflSciently accurate, and 
the results to agree with observation. Having as^ 
certained the surface fall due to friction in the channel 
at a uniform mean section, add to this fall the height 
which the whole quantity of toater flowing down would 
rise on a weir having its crest on the same level as the 
lower weir, and of the same length as the width of the 
channel in the contracted pass. The sum will be the 
head of water at some distance above such pass very • 
nearly. A weir was recently constructed on the 
river Blackwater, at the bounds of the counties 
Armagh and Tyron.e, half a mile below certain mills, 
which, it was asserted, were injuriously aflfected by 
backwater thrown into the wheel-pits. The crest of 
the weir, 220 feet long, was 2 feet 6 inches below the 
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pit} the river channel between varied from 50 and 
67 feet to 123 feet in vridth, from 1 foot to 14 feet 
deep ; and the fall of the surface, with 3 inches o^ 
water passing over th^ weir and the sluices down^ 
was nearly 4 inches in the length of half a mile. 
Having Seen thfe river in this state in summer, the 
writer had to calculate the backwater produced by 
different depths passing over the weir in autumn and 
winter, which in some cases of eitrabrdinary floodd 
were known to rise to 3 feet. The width of the 
channel about 60 feet above the weir averaged 120 
feet The width, 2050 feet above the weir and 550 
feet below the mills, was narrowed by a slip in an 
adjacent c^nal bank, to 45 feet at the level bf the top 
of the weir, the average width at this place as the 
watei^ rose being 66 feet; The channel above and 
below the slip widened to 80 and 123 feet. Betweeli 
the mills and the weir there were, therefore^ two 
passes ; one at the slip, averaging 55 feet wide ; 
another above the weir, about 120 feet wide. As- 
suming as above^ that the water rises to the heights 
due to weirs 55 and 120 feet long, at these passes^ 
we get, by an easy calculation, or by means of Table 
X., the heads in columns two and four of the follow- 
ing table, corresponding to the assumed ones on the 
weir, given in the first column. 

As the length of the river was short, and the 
hydraulic mean depth pretty large, the fall due to 
friction for 60 feet above the weir was very small, 
and therefore no allowance was made for it ; even the 
distance to the slip was comparatively short, being 
less than half a mile, and as the water approached it 
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TABLE OF CALCULATED AND OBSEBTED UEIOHTS ABOTE M^XZAK'S 




WEIB OR THE RIVEA BLACKWATER. 


weir 2^0 feet 


Heiffbtseoreetaborethe 


Heights 2050 Am^ abore tbe 

weir chaJiJiel 55 foet wide; 

aTenge. 


Calculated 
lachei. 


Obterred 
Inchee. 


Calcniated 
iacbei. 


Obaerred 
fiichea. 


H 


»i 


9J 


H 


6J 




H 


i . 


71 


T 




6 


• • 


10 


9 




7J 


.. 


. 121 


11} 




9 


9 


15 


16} 




lOJ 


10} 


m 


18} 




13 


.. 


30 


30} 




18J 


13} 


22J 


20} 


10 


15 


.4 


24} 


20 


11 


16} 


.. 


27| 


24 


Id 


18 


17 


m 


SI 


18 


in 


18} 


82} 


88 


15 


da} 


21 


37| 


40 


18 


27 


35 


45} 


46 


21 


81} 


29} 


53 


54 


24 


86 


84 


60* 


62 



with considerable velocity, this wAs conceived, as the 
observations afterwards showed, to be a sufficient 
compensation for the loss of head below by friction. 
The observations were made by a separate party, 
over whom the writer had no control, and it is neces- 
sary to remark, that with the same head of water on 
the weir, they often diflfered more from each other 
than from the calculation. This, probably, arose from 
the diflterent directions of the wind, and the water 
rising during one observation, and falling during 
Another. 
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The true principle for determining the head at g^ 
Fig. 39, apart from that dae to friction^ is that 
pointed out at pages 142 and 147 ; but when the passes 
are very near each other, or the depth da^ Fig, 23^ is 
small, the effect of the discharge through d^ is incon^ 
siderable in reducing the head, as the contraction and 
loss of vts-viva are then large, and the hl^ad d^ be^ 
comes, that due to a weir of the width of the con* 
tracted channel at a, nearly. The reduction in the 
extent of the backwater; by lowering the head on 
a longer Weir, is found by taking the difference of the 
amplitudes due to the heads at ^, Fig. 89, in both 
cases, as determined from equations (56), (128)j etseq. 
This will seldom exceed a mile up the river, as the 
surface inclination is found to be considerably greater 
than that due to mere friction and velocity, and hence 
the general failure of drainage works designed on the 
assumption that the lowering of the head below, by 
means of long weirs, extends its effects all the way 
up e channel. We must nearly treble the length of 
a weir before the head passing over can be reduced 
by one-half. Table X., even supposing the circum- 
stances of approach to be the same : surely several 
engineering appliances for shorter weirs, during 
periods of flood, would be found more effective and 
far less expensive than this alternative, with its extra 
sluicing and weir basin for drainage purposes. 

The advocates for the necessity of weirs longer 
than the width of the channel, for drainage purposes, 
must show that the reduction of the head and extent 
of backwater above ff, Fig. 39, is not small, and 
that the effects extend .the whole way up the channel. 
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or at least as far as the district to be benefited. 
Practice has heretofore shown, that long weirs have 
failed (unless after the introduction of sluices or 
other appliances) in producing the expected arterial 
drainage results, notwithstanding the increased leak- 
age from increased length, which must accompany 
thieir construction. 




The deepening in the weir basin a & b e A is mostly 
bf use in reducing the Surface inclination between 
a b and a b by increasing the hydraulic mean depth ; 
but, thereby, the velocity bf approach is lessened, 
and therefore the head at b increased. When the 
length of a weir basiti a e exceeds thiat point where 
these two opposite eflFects balance each other, there 
will be a gain by the diflFerence of the surface in- 
clinations in favor of the long weir : but unless a e 
exceeds half a mile^ this difference cannot amount to 
more than 3 or 4 inches, unless the river be very 
small indeed ; and if the channel be sunk for the long 
weirs b Aor b a^ it should also be sunk to at least the 
same depth and extent for the short weirs Be, b a, 
otherwise there is no fair comparison of their separate 
.merits. The effect of the widening between a b and 
A B, the depth being the same^ is also to reduce the 
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snr&ce inclination from a tos ; bnt^ as befoi;e, nnlessa^ 
be of considerable length, this gain will also be small. 
Now A B, at beijt, is bnt a weir the direct width of 
the new channel at a b, aud if the length a e be 
considerable, we have an entirely new river channel 
with a direct weir at the lower end, and the saying of 
head effected arises entirely from the larger channel<| 
with a direct transverse weir at the lower end. 

By referring to Table VIIT., it will be found that 
for a hydraulic mean depth of 5 feet a fall of 7i 
inches per mile will give a velocity of 2 feet per 
second ; if we double the depth, a fall of 4 inches 
will give the same velocity ; and for a depth of only 
2 feet 6 inches, a fall of 12i inches is necessary. 
This is a velocity much larger than we have ever 
observed in a weir basin, yet we easily perceive 
that the difference in the inclinations for a short 
distance, e a of a few hundred feet, must be small. 
If one section be double the other, the hydraulic 
mean depth remaining constant, the velocity must be 
one-half, and the fall per mile one-fourth, nearly. 
This would leave 7^ — 2 =z 5^ inches per mile, or 1 
inch per 1000 feet nearly, as the gain with a hydrau- 
lic mean depth of 5 feet for a double water channel. 
For greater depths the gain would be less, and the 
contrary for lesser depths. 

Is the saving of head and amplitude of backwater 
we have calculated worth the increased cost of long 
weirs and the consequent necessity and expense of 
sinking and widening the channels for such long 
distances ? We think not ; indeed, the sinking in the 
basin immediatdy at the weir is absclutdy injurious^ 
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by destroying the velocity of approach^ and increasing 
the contraction. The gradual approach of the bottom 
towards the crest, shown by the upper dotted line 
ft E in the section, Fig. 39, and a sudden overfall, will 
be found more effective in reducing the head, unless 
so far as leakage takes place, than any depth of 
sinking for nearly 80 or 100 feet above long weirs. 

In most instances, the extra head will be only per- 
ceived by an increased surface inclinfl^tion, which 
may extend for a mile or more up the channel, 
according to the sinking and widening. 

It is a general rule that, for shorter weirs, the co- 
efficients of discharge decrease j this arises from the 
greater amount of lateral contraction, and is more 
marked in notches or Poncelet weirs, than for weirs 
extending from side to side of the channel ; but for 
weirs exceeding 10 feet in length the decrease in the 
coefficients from this cause is immaterial, unless the 
head passing over bear a large ratio to the length ; 
and we . eveu see from the coefficients, page 80, de- 
rived from Mr. Blackwell's experiments, that with 
10 inches head passing over a 24nch plank, the co- 
efficient for a length of 3 feet is 614 ; for a length of 
6 feet -539 ; and for a length of 10 feet -634 ; show- 
ing a decrease as the weir lengthens, but which may, 
in the particular cases, be accounted for. We have 
before referred to other circumstances which modify 
the coefficients, yet we may assume generally, without 
any error of practical value, that the coefficients are 
the same for different weirs extending from side to 
side of a river. If, then, we put w and w^ for the 
lengths of two such weirs, we shall have the relation 
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of the heads d and d^ for the same quantity of water 
passing over, as in the foHowing proportion :— 

and therefore 

(135.) d;=(-^xd. 

By means of this equation we have calculated 
Table X, the ratio —being given in cplmnns 1, 3, 

4 

6 and 7, and the value of ( ) , or the coefficient by 

which d is to be multiplied, to find di in columns 2, 
4, 6 and 8. It appears algo, that iftve take the heads 
passing over any weir in a river in an arithmetical 
progression^ the heads then passing over any other weir 
in tlie same river must also be in arithmetical progress 
sion^ unless the qiuxntitg Jlowing down varies from 
erogation or supply^ s^ich as drawing off by mittraces, 
ifc. If Ci be the coefficient for a direct weir, -94 c^ 
will answer for an obliquity of 45^, and -91 c^ for an 
angle of 65^. 



SECTION XL 

BENDS AND CURVES. — BRANCH PIPES.— DIFFERENT LOSSES OF 
HEAD.— GENERAL EQUATION FOR FINDING THE VELOCITY. — 
HYDROSTATIC AND HYDRAULIC PRESSURE. — PIEZOMETER. — 
CATCHMENT BASINS. — RAIN-FALL PER ANNUM. 

The resistance or loss of head due to bends and 
curves has now to be considered. If we fix a bent 
pipe, p B c D E G, Fig. 40, between two cisterns, so as 
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to be capable of re- 
volying round in col- 
lars at p and a, we 
ehall find the time the 
water takes to sink a 
given distance from/ 
to p in the upper cistern the same, whether the tube 
occupy the position shown in the figure or the hori* 
zontal position shown by the dotted line rbcdea. 

(This shows that the resistances due to friction and to 
bends are independent of the pressure. If the tube 
were straight, the discharge would depend on the 
length, diameter, and difference of level between 
/ and a, and pay be determined from the mean 
velocity of discharge, found from Table VIII. or 
equation (79). Here, however, we hftve to take into 
consideration the loss sustained at tl^e bends and 
curves, and our illustration shows that it is unaffected 
by the pressure. 

/ The Qxperimeuts of Bossut, Du Bu&t, and others, 
/show that the loss of head from bends and curves — 
I like that from friction — increases as the square of the 
ivelocity ; but when the curves have large radii, and 
(the bends are very obtuse, the loss is very small. 
With a head of nearly 3 feet, Venturi's twenty-third 
experiment, when reduced, gives — for a short straight 
tube 15 inches long, and 1^ inch in diameter, having 
the junction of the form of the contracted vein, very 
nearly -873 for the coeflScientof discharge. When of 
the same length and diameter, but bent as in Diagram 
I, Fig. 40, the coefficient is reduced to -785 ; and 
when bent at a right angle as at h. Fig. 40, the co- 
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efficient is further reduced to *660. In these respec- 
tive cases we have therefore* 

1. v = -873 \/2ffli, and h = 1-312 x g^; 



2. v = -785 \/2ffh, and h = 1-623 x g- ? 



3. v zz -560 \/2^ A, and A = 3-188 X g" ; 

showing that the loss of head in the tube h, Fig. 40, 

from the bend, is 1*876 X o'y^^ nearly double the 

theoretical head due to the velocity in the tube. The 

loss of head by the circular bend is only -31 Is—, 

or not quite one-sixth of the other. 

Du Buat deduced, from about twenty-five experi- 
ments, that the head due to the resistance in any 
bent tube abodepgh, diagram 1, Pig. 41, depends 




on the number of deflections between the entrance at 
A and the departure at h ; that it increases at. each 

* It is stated that the time necessary for the discharge of a 
given quantity of water through a straight pipe heing 1, the time 
for an equal quantity through a curve of 90° would he I'll, with 
a right angle 1*57; two right angles would increase the time to 
2*464, and two curved junctions to only 1*28. Vide Beport on 
THE Supply op Water to the Metropolis, p. 237, Appendix 
No. 8. 

T 
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reflection as the square of the sine of the deflected 

angle, abb for instance, and as the square of the 

velocity; and that if *, *i, *^ ^^, &c., be the number 

of degrees in the angles of deflection at b, g, d, e, &c., 

then for measures in French inches the height A^, due 

to the resistances from curves, is 

rioo\ 1 t;*(sin.*<^ + sin.*<Ai + sin. Va + sin."*8 + &c.) 
(136.) *,-= ^^ 

which for measures in English inches becomes 

/i OFT X T ^(sin.^<A + sin.*<Ai + sin.^<Aa + sin.Vs + &c.) 
(137.) *^«-^ ^^ 

and for measures in English feet, 

(138.) h^^ ■ — 2661 ' 

or, as it may be more generally expressed for all 

measures, 

(139.) ^ = (sin.«*-f 8in.'*i + sin.^ <f^ + sin.^^a + &c.) X 

MT^> in which ^^ = 266:j = -00375 t;» in feet. 

The angle of deflection, in the experiments from 
which equation (136) was derived, did not exceed 
36°. We have already shown the loss of head from 
the circular bend in diagram I. Fig. 40, where the 

angle of deflection is nearly 45°, to be -311 s- = 

•00483 v", but as the sin. 45^ = -707 ; sin.^ 45° = -5 
we get -00483 v^ = 00966 v^ x sin.* 45°, or more than 
two and a half times as much as Da Bust's formula 
would give; and if we compare it with Rennie's 
experiments,* with a pipe 15 feet long, i inch dia- 
meter, bent into fifteen curves, each Si inches radius, 

* Philosophical Transactions for 1831, p. 488. 
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we should find the formula gives a loss of head not 
much more than one half of that which may be 
derived from the observed change, -419 to -370 cubic 
feet per minute in the discharge. See p. 278. 

Dr. Young* first perceived the necessity of taking 
into consideration the length of the curve and the 
radius of curvature. In the twenty-five experiments 
made by Du Buat, he rejected ten in framing his 
formula, and the remaining fifteen agreed with it very 
closely. Dr. Young finds 

(140.) ^^ oomuy^^ . 

where ^ is the number of degrees in the curve n p, 

diagram 2, Fig. 41, equal the angle nop; p = o n 

the radius of curvature of the axis ; A„ the head due 

to the resistance of the curve, and v the velocity, all 

expressed in French inches. This formula reduced 

for measures in English inches is 

^^•000004Wxi', 

p 
and for measures in English feet, 

(142.) A. = ^""^V^' ^ < 

Equation (140) agrees to J^th of the whole with 
twenty of Du Buat's experiments, his own formula 
i^eeing so closely with only fifteen of them. The 
resistance must evidently increase with the number 
of bends or curves ; but when they come close upon, 
and are grafted into each other, as in diagram 1, 
Fig. 41, and in the tube f b c d £ 6, Fig. 40, the 
motion in one bend or curve immediately aflFects those 

* Philosophical Transactions for 1808, pp. 178 — 176. 

T3 
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in the adjacent bends or curves, and this law does 
not hold. 

Neither Du Bu&t nor Young took any notice of 
the relation that must exist between the resistance 
and the ratio of the radius of curvature to the radius 
of the pipe. Weisbach does, and combining Du Bu&t's 
experiments with some of his own, finds for circular 
tubes, 

(143.) A, = ilo X (-131 + 1-847 (^/} X ^g' 

and for quadrangular tubes, 

(144.) A. = ilo X (-124 + 3-104(^/) x ^ ; 

in which ^ is equal the angle n o p = n i r, diagram 2, 
Fig. 41 ; d the mean diameter of the tube, and p the 

radius n o of the axis. When s- exceeds -2, the value 

of -131 -f 1-847 {yS ^^^^^^s -124 + 3-104 (^/, 

and the resistance due to the quadrangular tube ex- 
ceeds that due to the circular one. We have ar- 
ranged and calculated the following table of the 
numerical values of these two expressions for the 
more easy application of equations (143) and (144). 
This table will be found of considerable use in cal- 
culating the values of equations (143) and (144), as 
the second and fifth columns contain the values of 

•131 + 1-847 (h-^) , and the third and sixth columns 
the values of -124 + 3-104 {^-ff corresponding to 
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diflFerent values of o- ; ai^d it is carried to twice the 
extent of those given by Weisbach. 



TABLE OF THE VALUES OF THE EXFBE8BI0N8 

I* and -124 + 3-104 ( ^ \h 



•181 + 1-847 



ikf 



GS)*- 



d 

2p' 


Giroalar 
tnbei. 


QnadnagalAT 
tnbot. 


d 


Cirtsvlar 
tabw. 


Qoadnuifalar 
tnbw. 


•1 


•131 


•124 


•6 


•440 


•648 


•16 


•188 


•128 


•65 


•640 


•811 


•2 


•188 


•185 


•7 


•661 


1015 


•25 


•145 


•148 


•75 


•806 


1-258 


•8 


•158 


•170 


•8 


•977 


1-545 


•85 


•178 


•203 


•85 


1177 


1-881 


•4 


•206 


•250 


•9 


1-408 


2-271 


•45 


•344 


•814 


•95 


1-674 


2-718 


•5* 


•294 


•808 


100 


1^978 


8-228 



For bent tubes, diagrams 3, 4, and 5, Fig. 41, the 
loss of head is considerably greater than for rounded 
tubes. If, as before, we put the angle n i b = *, i R 
being at right angles to i o the line bisecting the 
angle or bend, we shall find, by decomposing the 

motion, that the head g— becomes ^^ x cos.^ ^ from 

the change of direction ; and that a loss of head 

(145.) A, = (1 - cos.« 2 ^)2^ = sin.^ 2^2^ 

must take place. When the angle is a right angle, 

as in diagram 4, cos. 2^ = 0, and h^ = ^ ; that 

is to say, the loss of head is exactly equal to the 

d 
* The values corresponding to 5—= '66 are '860 and '607 for 

circular and quadrangular tubes. 
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theoretical head. When the angle or bend is acnte, 
as in diagram 6, the loss of head is (1 + cos.* 2 ^ g^, 

for then cos. 2 * becomes negative. Weisbach does 
not find the loss of head in a right angnlar bend 

greater than -984 k- ; while Ventnri's twenty-third 

experiment, made with extreme care, p. 273, shows 

t?* 
the loss to be 1-876 s-* When the pipes are long, 

however, the value of a— is in general small, and 

this correction does not aflFect the final results in any 
material degree. 

Rennie's experiments,* with a pipe 15 feet long, } 
inch in diameter, and with 4 feet head, give the dis- 
charge per second 

Cubic fiset. 

1. Straight, see table, p. 152 . . *00699 

2. Fifteen semicircular bends . . '00617 

3. One bend, a right angle 8^ inches 

from the end of the pipe . . -00556 

4. Twenty-four right angles . . -00253 
From these data we find consecutively, the theoreti- 
cal discharge being -021885 cubic feet per second, 

and the theoretical head h z= s-j that 

1. v = -319 \/2^H, and therefore h = 9-82 x o" » 

2.v = -282 x/2^, „ „ H = 12-58 X '^ ; 

* Philosophical Transactions for 1881, p. 488. 
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Z. v = -264 \/2^H, and therefore h = 16-60 x g^ ; 

4. v = -116 \/2^ H, „ „ H = 74-34 X 3^ • 

The loss of heady therefore, by the introduction of ^ 
16 semicircular bends, is 2-76 k-; by the intro- 

duction of one right angle, 5-68 2~; and by the 

introduction of 24 right angles, 64-62 s-^, or about 

12 times the loss due to one right angle. This 
shows that the resistance does not increase as the 
number of bends, as we before remarked, p. 256, 
when they are dose to each other. The loss of head 

from one right angle, 6-68 s— > is niore than double 

the loss from 15 semicircular bends, or 2-76 75- • 
The loss of head for a right angular bend, determined 
from Venturi's experiment, is 1-876 s-; formula 

(145) makes it n^; and Weisbach*s empirical for- 

mula, (-9457 sin. * + 2-047 sin.**) s", makes it only 

•984 0-. The formulae now in use give, therefore, 

results considerably under the truth. It appears 
to us, that the velocity of the water moving 
directly towards the bend must be taken into 
consideration, and also the loss of mechanical ef- 
fect from contraction, and eddies at the bend, as 
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well as the loss arising from the mere change of 
direction. 

BRANCH PIPES. 

When a pipe is joined to another, the quantity of 
water flowing below the junction b, diagram 1, 
Fig. 42, must be equal to the sum of the quantities 




flowing in the upper branches in the case of supply ; 
and when the branch pipe draws oflF a portion of the 
water, as in diagram 2, the quantity flowing above 
the junction must be equal to the quantities flowing 
in the lower branches. Both cases differ only in the 
motion being from or to the branches, which, in 
pipes, are generally grafted at right angles to the 
main, for practical convenience, as shown at hh^ and 
then carried on in any given direction. The loss of 
head arising from change of direction, equation (146), 

is sin.^ 2 «^ 2~> ^'^ which 2 * = angle abo ; but as in 
general 2 ^ is a right angle for branches to mains, 
this source of loss becomes then simply g". Ii^ 

addition to this, a loss of head is sustained at the 
junction, from a certain amount of force required to 
unite or separate the water in the new channel. In 
the case of drawing off, diagram 2, this loss was 
estimated by D'Aubuisson, from experiments by 
Gienieys, to be about twice the theoretical head due 
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to the velocity in the branch, or s — , so that the 
whole loss of head arising from the junction is 
s — h 2 — = o — 9 ^^ three times the theoretical head 

due to the velocity. In the case of supply, the loss 
is probably nearly the same. The actual loss is, 
however, very uncertain; but, as was before ob- 
served when discussing the loss of head occasioned 

by bends, two or three times n- is in general so 

comparatively small, that its omission does not ma- 
terially affect the final results. A loss also arises 
from contraction, &c. See pp. 175, 176. 

The calculations for mains and branches become 
often very troublesome, but they may always be 
simplified by rejecting at first any minor corrections 
for contraction at orifice of entry, bends, junctions, 
or curves. If, in diagram 2, Fig. 42, we put h for 
the head at b, or height of the surface of the 
reservoir over it ; h^ for the fall from b to A ; h^ for 
the fall from b to d ; / equal the length of pipe from 
B to the reservoir ; 4 equal the length b a ; 4 equal 
the length b d ; r equal the mean radius of the pipe 
B ; r^ the mean radius of the pipe b A ; r^ the mean 
radius of b d ; t; the mean velocity in b c ; v^ the 
velocity in b a ; and v^ the velocity in b d, we then 
find, by means of equation (73), the fall from the 
reservoir to a equal to 

(146.) A+Aa = (c,+c,x^)^+(l+c,x^[)^; 

the fall from the reservoir to d equal to 
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(147.) A+A, = (c, + c,X;)g + (l+c,x^j^; 

and^ as the quantity of water passing from c to b is 

equal to the sum of the quantities passing from b to 

A and from b to d, 

(148.) vr^ = v,fi + v^fi. 

By means of these three equations we can find any 

three of the quantities A, A., h^ r, r„ r^, b, 6^, b^ 

the others being given. Equations (146) and (147) 

may be simplified by neglecting c^, the coefficient due 

to the orifice of entry from the reservoir, and 1, the 

coefficient of velocity. They will then become 

(U8a.) a + a. = c. X (^ X 2^+^ X ^), 
and 

(149.) A + A. = c.x(^^X^+^^X^). 

The mean value of c, for a velocity of 4 feet per 

second is -005741, and of —, -0000891. The values 

for any other velocities may be had from the table of 
coefficients of friction given at p. 214. When /, A, 
and r are given, the velocity v can be had from 

(2 g rh\ 
"f- X -J-) 9 ^^ ^^^^ inmiediately 

from Table VIII. 

GENERAL EQUATION FOR MEAN VELOOITT. 

We are now enabled to give a general equation for 
finding the whole head h, and the mean velocity t;, in 
any channel ; and to extend equations (73) and (74) 
so as to comprehend the corrections due to bends, 
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curves, &c. Designating, as before, the height due 
to the resistance at the orifice of entry by 

h,, and the corresponding coefficient by c, ; 

hf the head due to friction, and c, the coefficient of friction ; 

hi^ the head due to bends, and c^ the coefficient of bends ; 

h^ the head due to curves, and c^ the coefficient of curves : 

h^ the head due to erogation, and c^ the coefficient of erogation; 

h^ the head due to other resistances, and c. their mean coefficient ; 

then we get 

(150.) Hz=A, + A, + A, + A, + A, + A, + ^; 

that is to say, by substituting for A,, A^, Ac, their 
values as previously found, 

H=(l+c,)2^ + c,-X2^+c,X2^ 

v^ v^ ^ 

+ ^« ^ 2^ + ^* ^ 2^ + ^* ^ 2ff' 
or, more briefly, 

(151.) H = (l+c, + c,X- +C|, + c, + Ce + c,)2^; 
from which we find 



(152.) t; = 



/ 2 I7H \ 



2^H 



/ 

1 + ^r + ^r X - + C,» + Co + C. + C, 



} 



r 

It is to be observed here, that tor very long 
uniform channels, the value of the mean velocity 

will be found in general equal to {-/-} ? as the 

other resistances and the head due to the velocity 
are all trifling compared with the friction, and may 
be rejected without error ; but, as we before stated, 
it is advisable in practice, when determining the 
diameter of pipes, p. 229, to increase the value of Ci, 
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table, p. 214, or to increase the diameter found 
from the formula by one-sixth, which will increase 
the discharging power by one half. (See Table XIII.) 
In equations (74) and (161), the coefl5cient of fric- 
tion c, depends on the velocity t?, and its value can 
be found from an approximate value of that velocity 
from the small table, p. 214. If, however, we use 
both powers of the velocity, as in equation (83), we 
shall get, when h is the whole head, and h the head 
from the surface to the orifice of entry 

(at; + ftt;»)^ + (l + 0^ + A = H, 
a quadratic equation from which we find 

( (n'-h)figr / gal \2\k gal 

\il+Cr)r + 2ghl'^\{l+CT)r + 2gbl) } ""(1 +Cr)r + 3^61 

for a more general value of the velocity than that 
given in equation (74). If now we put c, = c, + c^ 
+ ^0 + ^6 + ^x in equation (151) we shall find 

f {n^h)2gr / gal ^V P<^ 

X{l+e^)r + 2gbl^\{l-^c^)r + figblJ f (1 +c,)r + 2176I 

for a more general expression of equation (152), when 
the simple power of the velocity, as in equation (83), 
is taken into consideration. For measures in English 
feet, we may take a = -0000223 and b = -0000854, 
which correspond to those of Eytelwein, in equation 
(97). The value of a is the same in English as in 
French measures, but the value of b in equation (83), 
for measures in metres, must be divided by 3 -2809 
to find its corresponding value for measures in 

English feet. In considering the head g^c^ due to 

• contraction at the orifice of entry as not implicitly 
comprised in the primary values of a and ft, equation 
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(83), Eytelwein is certainly more correct than D'Au- 
buisson, Traite d'Hydraulique, pp. 223 et 224, as 
this head varies with the natare of the junction, and 
should be considered in connection with the head 
due to the velocity, or separately. It can never be 
correctly considered as a portion of the head due to 
friction. In all Du Buat's experiments, this head 
was considered as a portion of that due to the velo- 

city, and the whole head, (1 + Oo"^ deducted to 

find the head due to friction and thence the hydraulic 
inclination. 

VALUES OF a AND b EOR MEASUBBS IN ENGLISH FEET. 



Mean 
straight 



Equation (88.) 
(90.) 
(94.) 
(98.) 
(109.) 

(111.) 
(114.) 

for all 

channels, 



» 



» 



n 



values 



a. 
•0000445 
•0000173 
•0000243 
•0000223 
•0000189 
•0000241 
•0000035 



•0000944 
•0001061 
•0001114 
•0000854 
•0001044 
•0001114 
•0001150 



pipes, or nvers 



•0000221 ^0001040 



These mean values of a and b give the equation 

r s = ^0001040 «" + 0000221 w, 
from which we find 

96l5r«=»»+21», 
and thence 

(153.) V =(9615 r« + Oil)* — -105 = 98 s/rs-'l, 
very nearly, suited to velocities of about 2 feet, p. 217., 
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HTDKOSTATIC AND HTDBAULIO PBSS8URE. — PIEZOMETER. 

When water is at rest in any vessel or channel, the 
pressure on a unit of surface is proportionate to the 
head at its centre,* measured to the surface, and is 
expressed in lbs. for measures in feet, by 624 h s, in 
which H is the head, and s the surface exposed to the 
pressure, both in feet measures. This is the hydro- 
static pressure. In the pipe A b c D F e. Fig. 43, the 
pressure at the points b, c, d, f, and e, on the sides of 
the tube will be respectively as the heads b6, c c, nrf, 
F^J and E ^, if all motion in the tube be prevented by 




stopping the discharging orifice at e. In this case the 
pressure is a maximum and hydrostatic ; but if the 
discharging orifice at e be partially or entirely open, 
a portion of each pressure at b, c, d, f, &c., is ab- 
sorbed in overcoming the different resistances of 
friction, bends, &c., between it and the orifice of entry 
at A, and also by the velocity in the tube, and the 
difference is i\xQ hydraulic pressure. 

* This is only correct when the surfiace is small in depth com- 
pared with the head. If h he the depth of a rectangular surface 
in feet, and also the head of water measured to the lower hori- 
zontal edge, then the pressure in Ihs. is expressed hy 81^ h<; and 
the centre of pressure is at l^rdsi of the depth. 
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Bernoulli first showed that the head d%jie to the 
pressure at any painty in any tube^ is equal to the 
effective head at that poifU, minus the head due to the 
velocity. When the resistances in a tube vanish, the 
eflFective head becomes the hydrostatic head, and by 
representing the former byAefWe shall have, adopting 
the notation in equation (150), 

Aef=H-(A,H-A,+ A,+ &c.), 

and consequently the head due to the hydraulic pres- 
sure equal 

(153a.) A, = Ae,-^ = H-(A, + A,+A, + &c.)-2^. 

If small tubes be inserted, as shown in Fig. 43, at 
the points b, c, d, and r, the heights b ft*, o c^, d esP, Yj^y 
which the water rises to, will be represented by the 
corresponding values of Ap in the preceding equation; 
and the difference between the heights cc\f^, at 
G and F, for instance, added to the fall from o to f 
will, evidently, express the head due to all the re- 
sistances between o and f. When h = e c, and the 
orifice at e is open, we have, from equation (150), 

v^ 
H = A, + A, 4-A5 + Ao + &c. 4- H-^, and therefore Ap=0, 

that is, the pressure at the discharging orifice is 
nothing. 

The vertical tubes at b, c, d, f, when properly 
graduated, are termed piezometers or pressure gauges; 
they not only show the actual pressure at the points 
where placed, but also the difference between any 
two ; Dd^ — B b*, for instance, added to the difference 
of head between d and b, or d d^ will give orf^ — b6^ 
+ D rf^ for the head or pressure due to the resistances 
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between b and d. This instrnment affords, perhaps, 
the very best means of determining the loss of head 
due to bends, curves, diaphragms, &c. The loss of 
head due to friction, bend, diaphragms, &c., between 
K and L, Fig. 43, is equal to k A — l/ + k v. Km 
be the same distance from l as k is, l / — Mm will be 
the height due to the friction (l and m being on the 
same level) ; therefore kA — l/+ kv — L/+Mmi= 
KA + Kt7+Mm — 2L/isthe head due to the 
diaphragm and bend both together. If the diaphragm 
be absent, we get the head due to the bend, and if 
the bend be absent, the head due to the diaphragm in 
like manner. 

When the discharging orifice, as at e, is quite open, 
we have seen that the pressure there is zero; but 
when, as at g, it is only partly open, this is no longer 
the case, and the hydraulic pressure increases from 
zero to hydrostatic pressure, as the orifice decreases 
from the full section to one indefinitely small com- 
pared with it. A piezometer, placed a short distance 
inside g, will give this pressure ; and the difference 
between it and the whole head will be the head due to 
the resistances and velocity in the pipe : from which, 
and also the length and diameter, the discharge may 
be calculated as before shown. Again, by means of 
the head m m\ and that due to the velocity of ap- 
proach, we can also find the discharge through the 
diaphragm g ; see equation (45) and the remarks fol- 
lowing it. This result must be equal to the other, 
and we may in this way test the formulae anew or 
correct them by the practical results. 

The velocity of discharge of the tube A c d e, may 
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be calculated by means of any piezometric height 
c^ ; for by putting the whole fall from c^ to e equal 

i 

y in 



to H^i, we get, disregarding bends, v = 






which /ei=o E. This is evident from equation (152), 
as we have supposed that no part of the head is ab- 
sorbed in generating velocity, or in overcoming the 
resistance of bends. If the bend at d were taken 

into consideration, then v = ^-^- 



^.X% + c, 



SECTION XII. 



RAIN-PALL.— OATCHMBNT BASINS.— DISCHARGE INTOOHANNBLS, 
— ^DISCHARGE FROM SEWERS. — LOSS PROM EVAPORATION, ETC. 

A catchment basin is a district which drains itself 
into a river and its tributaries. It is bounded gene- 
rally by the summits of the neighbouring hills, ridges, 
or high lands forming the water-shed boundary ; and 
may vary in extent from a few square miles to many 
thousands ; that of the Shannon is 4,544 square 
miles. The average quantity of water which dis- 
charges itself into a river will, oBteris parUmSy depend 
on the extent of its catchment basin, and the whole 
quantity of rain discharged on the area of the catch- 
ment basin, including lakes and rivers. 

The quantity of rain which falls annually varies 
with the district and the year; and it also varies 
at diflFerent parts of the same district. The average 
quantity in Ireland may be taken at about 34 inches 

u 
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TABLE of some Catchment Banns in Ireland. 



Names of Drainage-difitricts, 
or Elvers. 



Counties or Towns. 



Areft of 
Catchment 
in 



Ana of 

Catchment in 
aqaanmilea. 



Avonmore 

Avoca River 

BaUinasloe 

Barrow, Nore, and Suir .... 
Blaokwater and Boyne .... 

Blackwater 

Blaokwater 

Blackwater 

Bandon River 

Bann, Upper and Lower, and 

the Main 

Boyne 

Bnisna (Perbane) 

Ballyteigue 

BalUnamore and Ballyconnel 

Breeogne 

Ballinhassig 

Cappagh 

Coolaney 

Camoge 

Dunmore 

Dodder 

Deel 

Dee 

Erne 

Foyle 

Fergus 

Fane 

Glyde 

Inny 

Eilbeggan 

liffey and Tolka 

Lee 

Lough Gara and Mantua . . 
Loughs Oughter and Gowna 

and Elver Erne 

Lough Neagh 

Lough Mask and Elver Eobe 
Loughs Corrib, Mask, and 

Carra 

Longford 

Moy 

Main 

Monivea 

Maghera 

Nobber 

QuoUe 

Einn and Black Eiv0r .... 

Strokestown 

Shannon 

Slaney 



Wicklow and Wexford 

Wicklow 

Mayo 

Waterford 

Meath, Ac 

Waterford, Youghal 

Armagh 

Meath and Eildare 

Cork 

Down, Antrim 

Meath, Westmeath, KUdare, 
and King's 

King's 

Wexford 

Cavan, Fermanagh, Leitiim, 
and Eoscommon 

Sligo 

Cork 

Galway 

Sligo 

Limerick 

Galway, Mayo, and Eoscom- 
mon 

Dublin 

Meath and Westmeath .... 

Louth and Meath 

Belturbet, Enniskillen .... 

Londonderry 

Clare and Galway 

Louth 

Louth, Meath, Monaghan, 
and Cavan 

Meath, Westmeath, Long- 
ford, and Cavan 

Westmeath and King's .... 

Dublin, &c 

Cork 

Roscommon, Mayo, and Sligo 

Cavan, Leitiim, and Longford 
Londonderry, Antrim, Down, 

and Armagh 

Mayo and Galway 

Galway and Mayo 

Longford 

Mayo, Ballina 

Antrim 

Galway 

Down 

Meath 

Down 

Leitrim and Longford .... 

Eoscommon 

Different Counties, Towns of 

Athlone, Limerick .... 
Wexford 



128,000 
179,840 

70,000 

2,176,000 

695,040 

780,160 

886,640 

60,000 
145,920 

810,240 

804,139 

889,120 

26,752 

101,466 
180,408 
28,500 
84,856 
90,744 
61,184 

96,161 

35,200 

64,000 

78,000 

1,014,400 

944,640 

134,400 

87,400 

176,818 

231,116 

88,030 
328,820 
470,400 
128,000 

260,480 

1,411,320 
225,000 

780,000 
72,320 

661,120 
37,600 
54.000 
19,000 
40,000 
57,000 
74.000 
70,000 

2,908,160 
521,600 



200- 

281- 

110- 

3400- 

1086- 

1219- 

526* 

78-1 

228* 

1266- 

478-2 
608- 
41-8 

158-5 

282- 

38-7 

54-4 

141-8 

95-6 

150-2 

55- 

100- 

121-9 

1585- 

1476- 

210- 

136-6 

276-3 

361-1 

137-5 

5180 

735- 

200- 

407- 

2205-2 
351-5 

1218-7 
113-0 
1033- 
90- 

84-4 
29-7 
62-3 
89-1 
115-6 
109-4 

4544* 
815- 
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deep, that which falls in Dublin being 27 inches, and 
that in Cork 41 inches nearly. The average yearly 
fall in Dublin for seven years, ending with 1849, was 
26-407 inches ; and the maximnm fall in any month 
took place in April 1846, being 5082 inches. "The 
average fall in inches per month for seven years, 
ending with 1849, was as follows : — October, 3-060 ; 
August, 2-936 ; January, 2-544 ; April, 2-503 ; No- 
vember, 2-300 ; July, 2-116 ; June, 2005 ; Decem- 
ber, 1-938; September, 1-860 ; May, 1-814; March, 
1-739 ; February, 1-534."* A gauge at London- 
derry, 1795 to 1801, gives 31 inches average ; one 
at Belfast, from 1836 to 1841, gives 35 inches; at 
Mountjoy, Phoenix Park, 182 feet above low water, 
1839 and 1840, there is an average of 33 inches ; 
and at the College of Surgeons, 52 feet over low 
water, the average is 30 inches for the same two 
years. Sir Robert Kane assumes that 36 inches is 
the average fall in Ireland, and that out of that depth 
12 inches, or one-third, passes on to the sea, two- 
thirds being evaporated and taken up by plants. 
The quantity varies a good deal with the altitude of 
the district. In parts of Westmoreland it rises 
sometimes to 140 inches; in London, an average 
of 20 years* observations, gives a fall of nearly 25 
inches. 

Forty years' observation at Greenwich, Kent, at 
155 feet above the level of the sea, gives the following 
results : — 

* Proceedings of the Royal Irish Academy, vol. v., p. 18. 

U3 
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Description of falL 



Mean annual fall 



Maximum fall; being a mean of 
five of the wettest years during 
forty years 

Minimum fall; being a mean of 
five of the driest years during 
forty years 



Winter. 



inches. 
7-86 

1105 

5-22 



Spring. 



inches. 
7-25 

10-86 

4-05 



Summer 



inches. 
10-47 

14-06 

6-80 



Entire 
Years. 



inches. 
(25-48 
J 26-58 



f 34-00 
I 36-87 



18-40 

16-or 



In this table Winter comprises November, De- 
cember, January, and February ; Spring, the next 
four months; and Summer, the months of July, 
August, September, and October. The last column 
contains means of two classes of years: the first 
figures showing the ordinary years from January to 
December, and the second, under the first, years 
from November to October.* We see here that the 
mean maximum is fully double of the mean minimum, 
and about one-and-a-half times the mean annual fall, 
and therefore the necessity for calculating from the 
minimum fall for all water works in which it is 
an element, and from the maximum for sewerage 
works where it is not intended to pass off a portion 
on the surface or through other available channels. 

In the district surrounding the Bann reservoirs in 
the County Down, the average fall has been so high 
as 72 inches. In Keswick, the average fall is said to 
be 67 1 inches, and in Upminster, Essex, only 19| 
inches. Indeed, it is requisite to obtain the fall 
from observation for any particular district, when it 

* See Mr. James Simpson in the Metropolitan Main Drainage 
Beport, 1867, p. 116. 
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is necessary to apply the results to scientific pur- 
poses ; and not the mean average fall alone^ but also 
the maximums and minimums in a series of years and 
months in each year. 

Mr. Symons gives (see Builder for 1860, p. 230) 
the following heavy falls of rain during 1859 : — 
Wandsworth^ June 12th, 2*17 inches in two hours ; 
Manchester, August 7th, 1*849 inches in twenty-four 
hours ; Southampton, September 26th, 2 05 inches 
in two-and-a-quarter hours ; Truro, October 25th, 
during the day, 2 4 inches. The mean falls in the 
South Western Counties were 39*1 inches ; in the 
South Eastern Counties, 30 2 inches ; in the West 
Midland Counties, 28 inches ; in the Eastern Coun- 
ties, 25*4 inches ; in the North Midland Counties, 
24 inches ; in the North Western Counties, 39 
inches ; in the Northern Counties, 65 inches ; and 
the average of all England, 31-857 inches. 

As an instance of extraordinary rain-fall, in 
connexion with the sewage question, it is stated that 
4 inches of rain fell in one hour in the Holborn and 
Finsbury sewers' district, on the 1st of August, 
1846 ; at Highgate, 3-6 to 3 3 inches ; and at 
Greenwich, 095 inches.* 

In the upland districts about Manchester, Mr. 
Homershamt gives the result of observations at 
Fairfield, Bolton, Rocksdale, Marple, Comlis re- 
servoir, Belmont, Chapel-en-le-Frith, and Whiteholme 
reservoir, for four years. These give a maximum 
fall of 61*4 inches at Belmont Sharpies in 1847, and 

* Metropolitan Main Drainage Report, p. 16. 

t Report on the Supply of Water to Manchester. — Weale. 
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a minimum of 24-8 at Whiteholme reservoir in 1844. 
The general average for the four years being 42 -49 
inches, 

April is the driest month, and October, or about 
it, the wettest month, and the average fall during 
the year varies sometimes as two to one. 

The proportion between the quantity which falls, 
and that which passes from a catchment basin into 
its river, also varies very considerably. When the 
sides of a catchment basin are steep, and the water 
passes off rapidly into the adjacent river or tri- 
butaries, there is less loss by evaporation and perco- 
lation than when they are nearly flat The soil, 
subsoil, and stratification, have also considerable 
effect on the proportion. Reservoirs being generally 
constructed adjacent to steep side falls, give a much 
larger proportion of the quantity fallen than can be 
obtained from rivers in flatter districts ; besides, the 
quantity of rain which falls on the high summits, 
near reservoirs, almost always considerably exceeds 
the average fall. As 640 acres is equal to one 
square mile, and one acre is equal to 43,560 square 
feet, a fall of one inch of rain is equal to 3,630 cubic 
feet per acre, and to 3,630 x 640 = 2,323,200 cubic 
feet per square mile : the proportion of this fall, for 
each acre, or square mile of the catchment basin, 
which enters the river, must depend entirely on the 
district and local circumstances, the full or maximum 
quantity being retained on lakes. A stream de- 
livering 63 cubic feet per minute supplies an equiva- 
lent to 12 inches of rain-fall collected per square 
mile per annum. 
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It is too often taken for granted that the discharge 
from a catchment basin takes place, into the con- 
veying channels, in nearly the same time that a 
given quantity of rain falls. Perhaps the largest 
registry on record in Great Britain is a fall of four 
inches in an hour. The maximum fall in any hour of 
any year seldom exceeds half of this amount, and 
then perhaps only once in several years. The quan- 
tity which falls will not be discharged into the 
channels in the same time. The quantity discharged, 
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and time, will depend a good deal on the season and 
district. The arterial channel receives the supply at 
different places and from different distances, and the 
water in passing into and from it does not encounter 
the same amount of resistance as if it all passed 
first into the upper end. Less sectional area is 
therefore necessary than if the whole discharge had 
to pass through the whole length of the channel and 
during the time of fall. The relation of the quantity 
of rain-fall to the portion which flows into the main 
channel, as well as the time which it takes to arrive 
at it, and the places of arrival, must be known 
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before the proper size of a new channel can be 
determined, particularly sewers in urban districts. 
A pipe sufficient to discharge the water from 200 
acres need not be 20 times the discharging power of 
one exactly suited to 10 acres of the same district, 
for the discharge from the outlying 190 acres will 
not arrive at the main in the same time as that from 
the adjacent 10 acres. 

The following table of rain-fall, at Athlone, central 
in Ireland, was furnished to the Royal Irish Academy 
by General Sir H. D. Jones, and is printed in the 
Proceedings.* The average for four years, gives 29 
inches, and the effect on the Upper and Lower Sills 
of the Lock as affecting the rise and fall of the 
Shannon, affords valuable data, although not analysed. 
The rise and fall on the sills is the sum of the 
monthly risings and fallings for each year, and must 
be divided by 12 to get the average monthly rise and 
fall. In 1845 the greatest rise was in January, 
2 feet 9 inches at the upper sill, and 3 feet Hi inches 
at the lower sill. In 1846 the greatest rise was 
2 feet 6 inches in October, at the upper sill ; and 
5 feet 61 inches on the lower sill, in August. 





Upper SilL 


Lower Sill. 




Maximum rise in 


Maximum rise in 




one month. 


one month. 


1846 . . 


. . S ft. 9 in. Januaiy . 


. 8 ft. llj^ in. January. 


1846 . , 


. . 3 ft. 6 in. October . 


.6ft. 6^ in. January. 


1847 . . 


. . 8 ft. 1 in. November. 


.4ft. 6 in. May. 


1848 . . 


. . 8 ft. 8 in. February . 


. 4 ft. 11 in. February, 



The sum of the risings and fallings for each month, 
taken as a mean of four years, is nearly the same 



♦ Vol. iv. 
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at either sill. The general average of the rise and 
fall for the upper sill, is about I foot 3i inches each 
way, and 1 foot lOi inches at the lower sill. These 
would give 2 feet 7 inches for the average difference 
of level in the Shannon above, and 3 feet 9i inches 
for that in the Shannon below. In Lough Allen 
catchment of 146 square miles, the maximum rise 
was sometimes 6 inches in 24 hours, calculated at 
*568 inch of depth of rain, over the catchment area. 
Above BalMoe, the catchment is 3,611 square miles, 
and the floods about once a year rose 6 inches in 
24 hours, or '296 inch in depth of rain over the 
catchment. Once, in 1840, it is reported to have 
risen 12 inches, or -6 inch of rain over the catchment 
in one day. 

KAXXMUM DISCHABaES OF THE SHANNON AND EBNE, AND A TBIBT7TAST OF THE LATTBB, 
THE WOODFORD BTVEB. 



BIVEBS IN IBELAMD. 


Extent of 

eatofaiiMnt, 

Btatoteaeras. 


SET 


MaTimnm 

difloharge 

perminnte 

in oaUo f eet 


Catdofaet 

man. 


CaUefeet 
parminvta 
CromaMdi 


Shannon, at Eillaloe, measured 
previous to the commence- 
ment of Shannon Works, 
about 


8,000,000 
074,000 
809,000 

90,000 

6,000 


4887-5 
1521*9 

483*8 

140-6 

7-8 


1,000,000 
657,611 
357,771 

101,035 

63,136 


0-38 
0-67 
0-83 

10-43 


311 
439- 
631 

717 

6675- 


Lower Erne, measured during 
the very high floods of Jan. 
1851, at Bdieek 


Upper Erne, measured during 
the veiy high floods of Jan. 
1861, at Belturbet 

Woodford Eiver, Counties of 
Leitrim and Cavan, measured 
during the veiy high floods 
of Jan. 1851, at Ballyoonnell 

Yellow River, or upper portion 
of the Woodford River, mea- 
Bured during the very high 
floods of Jan. 1851, Co. Leitrim 
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These results show how difficult it is to draw any 
inference from discharge and area of catchment 
alone, as the discharge, per minute per acre, must 
vary with the contour and elevation of the district 
in the same course ; and with the climate also, in 
diflFerent countries. We have observed ourselves 
the maximum discharges to vary up to 6 cubic feet 
per minute per acre, the lesser maximums being due 
to broad flat districts, and the greater maximums to 
higher and steeper districts, near the sources. In 
the Proceedings of the Institution of Civil Engi- 
neers, Ireland, vol. iv., from which we have collected 
and arranged some of the foregoing information, it 
is stated, p. 96, that the ratio of the discharge to the 
rain-fall, on a catchment on the Qlyde, of 79,433 
acres, for three months, ending March 13th, 1851, 
was 1-49 to 1 up to January 13th ; 1-39 to 1 up to 
February 13th ; and 386 to 1 up to March 13th, 
making a general average of 1*59 to 1 ; the whole 
rain-fall for the three months being only 5*89 inches, 
while the discharge was 9-36 inches ! We fancy 
there is a mistake here. The whole catchment of 
the Glyde is 176,813 acres, and there is no data to 
show the discharge previous to or after the rain-fall 
from which to calculate the difference due to it per 
se for the three months; nor is the place or method 
of gauging stated. The supply from springs and 
the actual discharge before and after rain-fall must 
be correctly gauged before the proportion passing 
into the main channel in a given time, can be pro- 
perly estimated ; the results just stated clearly con- 
tradict themselves. The following anomalous results 
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from p. 47 of the same work are also worthy of 
note. In five different districts the discharge is 
gauged, or estimated, greater than the fall, as shown 
in the following table. It is not stated, however, if 



Dittitet 


BlTer. 


Catchment 
in Acres. 


DxouDXB 1860. 


Januabt 1851. 1 


Totid f aU 
of Bain by 


Total 
depth of 
diaoharge 
off catch- 
ment in 
inohee. 


Total fall 
of Bain by 
Gaatlebar 


Total 
depth of 
diaehaxse 
off catch, 
mentin 
inchea. 


Saleen 

BaUa 

Mask and Robe . 

Dalla 1 


Saleen 

Oastlebar . . 

Manulla . . . 

Robe 

Dalla 

Owenmore . 


2,626 

20,640 

33,600 

70,000 

8,200 
32,000 


[ 3-65 , 
I 400 


6-26 
6-46 
5-46 

6 527 
6-705 


. 6-38 . 

II 


9-20 

8-55 
8-18 
7-39 

»i 

i» 



the depths passed off, estimated over the catchments, 
include the flow before the commencement of the 
rain. If so the results are so far useless ; and if 
they do not include it, there must be an error 
somewhere. Indeed, in the Robe we have evidence 
that not more than 68 per cent, passed from the 
catchment to the river, from Mr. Betagh's paper, 
the results of which are arranged below. Also, in 
July 1850, it is shown that in the Lannagh district 
only -53 inch in depth passed off the catchment 
from a fall of 1-83 inches, or about one-third of the 
depth. The method of determining this was un- 
objectionable. Where such discrepancies as above 
exhibited exist, it is important that the method of 
gauging, and the whole calculation, should be shown, 
in order that other engineers should be able to judge 
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of their accuracy ; otherwise the results should be 
rejected, no matter under whose authority they may 
be published. 

The following information has been collected and 
arranged by us from a paper by Mr. Betagh, in the 
Proceedings of the Institution of Civil Engineers, 
Ireland, vol. iv. In January 1851, 3-41 inches of 
rain fell in seven days, producing the maximum dis- 
charge of 85,836 cubic feet; while in December 
1852, 3-17 inches, also falling in seven days, pro- 
duced 115,656 for the maximum. At the beginning 
of the first fall there was flowing 26,640 feet, leaving 
the effects of the seven days* rain 85,836 - 26,640 
z= 59,196 cubic feet, while in the second year the 
quantity flowing at first was 75,360 cubic feet, leaving 
the effects of the seven days' rain-fall equal to 
115,656 - 75,360 = 40,296 cubic feet. The effect 
of the previous state of the weather on the catch- 
ment must always modify, to a considerable extent, 
the discharge from a given rain-fall, and this has 
more to do with the results than the effect of arterial 
drainage itself, unless so far as one is a result of the 
other. Taking the mean of 1851 and 1852, it ap- 
pears that the evaporation in the Ballinrobe catch- 
ment was to the rain-fall as 41-6 to 98-7, or about 42 
per cent. This is certainly, from the nature of the 
catchment, less than the average through Ireland, 
which cannot be less than 60 per cent. In high, 
steep districts, fully three-fourths or 75 per cent, of 
the rain-fall can be collected, and at times, when the 
catchment is saturated, nearly the whole ; even in 
some few limited cases, when springs or hidden 

Digitized by VjOOQ iC 



302 



THG DISCHARGE OF WATER FROM 



TABLES showing in detail, for the years 1851 and 1853, the Monthly Fall of Rain and 
the corresponding Discharge of the River Robe, at Ballinrobe, County Mayo ; the 
eaichment basin being 70,000 acres, or 110 square miles ; the lower end 100 feet^ 
the upper end S'66feet; and the average height of the eurface about ISO feet above 
the level of the sea. The average fall of the river, not including the rapids, it 
from one to two feet per mile ; the catchment it about dO miles long, about one- 
tenth of the area bog or low marsh, and nine-tenths clayey and gravelly. The 
river is about 38 miles long. 







OBSERVATIONS IN 1851. 








MONTHS. 




1 ^ 

5 ^ 


Dtoehtfge in oaUo f eet per mi- 
nnte, from a catchment of 70,000 
aorea, for each month. 


Diachaise in enhie feet pw 
minute, per acre, for emah 
month. 


Iff^Tlm^m 


Mlwlmtiin- 


ATerage. 


Madmam. 


mnimiim 


ATerage. 


January . 


9JH 


7-4 


85,886 


30,133 


43.378 


1158 


•387 


•690 


February . 


6-8 


4-7 


73,448 


18,430 


30,410 


1-034 


•363 


•434 


March . . 


4-4 


8-6 


49,137 


10,860 


20,945 


•703 


•155 


•300 


April . . 


8-4 


3-5 


24,300 


5,760 


14,855 


•845 


•083 


•305 


May. . . 


1-0 


•8 


5,820 


4,135 


5,001 


•088 


-059 


•071 


June. . . 


8-8 


•8 


7,040 


1,114 


4,380 


•100 


•016 


•060 


July, . . 


3-8 


•5 


4,930 


1,500 


3,558 


-070 


•081 


•036 


August . . 


3-4 


0-9 


17,055 


1,340 


4,866 


•343 


•017 


•069 


September. 


1-9 


0*6 


4,746 


1,300 


3,854 


•067 


•017 


•040 


October. . 


6-0 


1-6 


28,980 


6,940 


13,588 


•843 


•099 


•179 


November . 


1-8 


1-3 


13,853 


6,000 


7,837 


•183 


•086 


•111 


December. 
Total 


a-6 


2-6 


44,715 


6,310 


14,373 


•688 


•088 


-305 


45-6 


27- 


853,749 


88,502 


163,880 


4-965 


1-189 


888 



supplies are re-tapped, a larger discharge may take 
place than that dae to the catchment and rain-fall ; 
but these do not affect the general question. 

"The future population of the suburbs of London 
is calculated at 30,000 inhabitants per square mile. 
According to the following data, some of the densest 
portions of our large towns have a population of 
220 persons to an acre. The population on the 
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RIVER ROBE OBSERVATIONS IN 1863. Continiud from 


Uut page. 


MONTHS. 




1 ^ 


DlaeliAive in enUo feet per ml- 


Diaduuge in eablo feet per 
minute, per mere, for eaeh 
month. 


TifaTliwtim 


Mlnimom. 


Arenge. 


Mmximnm. 


M^- 


Ayemge. 


Jannaiy. . 


7-5 


6-a 


41,800 


12,852 


28,730 


•594 


•183 


•410 


Febroary . 


4-8 


4-8 


56,400 


8,190 


26,296 


•805 


•117 


•361 


March . . 


1-0 


0-7 


9,600 


2,737 


6,702 


•137 


•039 


-095 


April . . 


1-1 


0-6 


8,931 


1,468 


2,477 


•056 


•020 


•035 


May. . . 


1-9 


0-4 


3,931 


1,050 


1,861 


•056 


•015 


•026 


June . . . 


6-6 


1-2 


22,764 


1,400 


6,547 


•325 


•020 


•098 


July. . .. 


2-6 


1-0 


15,439 


3,172 


6,057 


•220 


•046 


•087 


August . . 


4-5 


0-6 


3,856 


2,236 


8,070 


•056 


•032 


•048 


September. 


1-8 


0-6 


3,427 


2,642 


2,874 


•048 


•037 


•041 


October. . 


8-9 


1-0 


32,040 


1,114 


5,932 


•457 


•016 


•084 


November . 


6-6 


6-2 


45,360 


17,000 


80,742 


•648 


•242 


•439 


December . 
Total 


12-0 


9-5 


115,656 


23,232 


54,846 


1-657 


•331 


•788 


63-1 


80-1 


354,004 


77,093 


175,184 


5-058 


1-097 


2-497 



north side of the Thames is abont 75 persons per 
acre^ and on the south side 28 persons per acre. 
Taking the average density of population in our 
twenty-one principal towns, there appear to be 6045 
inhabitants to the square mile; but, from the fol- 
lowing table, extracted from Dr. Duncan's report 
on Liverpool, it will be seen that if we select five 
of our most populous cities, the average in these is 
much greater, while in others, it is equally certain 
that the crowding is far less than the general stand- 
ard to which we have referred : — 
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Inhabitants to 


a Sqnare Mfle. 


Towns. 


Total Area. 


Bnilded Area. 


Leeds . . . 


. . 20,892 


87,266 


London . • 


. 27,423 


60,000 


Birmingham 


. 83,669 


40,000 


Manchester . 


. . 83,224 


. 100,000 


Liverpool . , 


. 100,899 


. 138,224 



Dr. Duncan, however, states that there is a district 
in Liverpool containing 12,000 inhabitants crowded 
together on a surface of only 105,000 square yards, 
which gives a ratio of 460,000 inhabitants to the 
geographical square mile. In the East and West 
London Unions, Mr. Farr has estimated that there 
are nearly 243,000 inhabitants to a geographical 
square mile ; but, great as this overcrowding is, the 
maximum density of Liverpool exceeds that of the 
metropolis by nearly double."* 

The amount of sewage from each person is cal- 
culated about FIVE CUBIC FEET PER PERSON, including 
the supply from manufactories, breweries, distilleries, 
&c. Seven feet per head has been recommended 
as data to calculate from by Captain Galton, Messrs. 
Simpson and Blackwell, in their Report on the 
Main Drainage, and it has been found that about 
half of the estimated quantity of sewage would pass 
off in six or eight hours. 

In calculating the size of sewers, however, the 
rain-fall must be provided for, in addition to the 
sewage matter from houses and public establish- 
ments. Mr. Bazalgette calculated this for the Lon- 
don sewerage at ith of an inch fall in 24 hours in 
the urban districts, and ith of an inch for the 
suburban districts. Captain Galton and the Messrs. 

* Illustrated News, September 8th, 1866. 
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Simpson and Blackwell assumed f ths of an inch fall 
during eight hours' maximum flow. This would be 
1452 feet per acre. Assuming the highest data, we 
shall have to provide sewers to discharge in eight 
hours 

1,452 cubic feet of rain water per acre, 

3i cubic feet of sewage nearly per person. 
Assuming a population of 80 persons per acre, then 
these figures would become 

in eight hours, or 
about 3i cvbic feet 
I per minute J per acre, 
which shows that the sewage is not more than ith 
of the rain water ; and that, in calculations for the 
size of sewers, the surface water is the most im- 
portant element to be considered. If we had as- 
sumed a larger fall of rain, the difference between 
sewage and rain would be greater. On the 20th 
June, 1857, the day after heavy rain, the referees on 
the Metropolitan Drainage question found the Nor- 
folk-street sewer to discharge 3 feet; the Essex- 
street sewer 5^ feet; the Northumberland-street 
sewer 3f feet ; and the Savoy-street sewer 20i feet 
per minute per acre; but the last result has been 
controverted. 

It appears that the daily amount of sewage 
varies from 4-8 cubic feet per head in the more 
thickly inhabited portions of London, occupied by 
a larger portion of the poorer classes, to 8 cubic feet 
per head in the western districts, where the value of 
water is more appreciated, and the cost less a matter 
of consideration; and the average of the whole 
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metropolitan districts appears to be 5-8 cubic feet per 
head per diem. If the day be divided into three periods 
of eight hours each, the amount of the maximum flow 
is between nine a.m. and five p.m. and 49 per cent, 
of the whole, whilst only 18 per cent, flows during 
the eight hours of minimum flow, which occur be- 
tween eleven p.m. and seven a.m.* The advantage 
of storm flows in flushing is shown by the heavy 
rain which occurred on the 20th of June, causing a 
flow in the Savoy-street sewer .which was equivalent 
to 20 times the ordinary flow at the time. This was 
six times the maximum flow, and although the sewer 
had been scoured^ to a considerable extent, hy a heavy 
faU of rain on the previous night j the sample con- 
tained more than double the amount of total impurity 
contained in specimens of ordinary sewage. 

In a town district, such as that drained by the 
Savoy and Northumberland-street sewers, the quan- 
tity running off into sewers, within six hours after 
the fall, varies from 10 to 60 per cent, of the quan- 
tity fallen. Of the rain during the storm of the 
20th June, 1857, nearly one inch-and-a^uarter in an 
hour, 66 per cent., ran off within 15 hours of the 
fall, viz. : — 

46 per cent, in 45 minutes after the rain ceased, 
14 „ in the next 6} hours, 
6 „ in the next 7J hours. 

In a suburban locality, such as the Counter Creek 
sewer drain, the quantity reaching the sewers would 

* Metropolitan Main Drainage Beport, pp. 15, 17. 
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vary from to 30 or 40 per cent, in 24 hours after 
the rain,* 

In the Holbom and Finsbury divisions Mr. Roe 
calculated that an 18-inch cylindrical pipe, laid at 
an inclination of 1 in 80, is sufficient for 20 acres of 
house-sewage, while a 5-inch pipe, laid at an inclina- 
tion of 1 in 20, is necessary for 1 acre, and a 3-inch 
pipe, laid also at I in 20, for j acre. A pipe 30* 
in diameter, laid with an inclination of 1 in 200, 
would discharge 1700 cubic feet per minute, and per- 
fectly drain 200 acres of urban land covered with 
houses to the extent of 4000 or upwards, and each 
house having a water supply of 150 gallons per 
diem. In each of these cases, however, the dis- 
charge must depend on the head and length of the 
pipe as well as the inclination at which it is laid. 
Assuming the inclination of those pipes to corre- 
spond with the hydraulic inclination, we have calcu- 
lated their discharging powers with water to be 
respectively 807, 72, 20, and 1700 cubic feet per 
minute, the areas to be drained being 20, 1, ^, and 
200 acres. In aU caJcukUions of this kind it is 
necessary, for accuracy y to ascertain not only the max- 
imum rainfall per hour, hut also the proportions dis-^ 
charged per hour, according to the season and district, 
into the main channel, as well as the junctions or 
places of arrival. In urban districts, 1500, 2100, 
and sometimes 3600 cubic feet per hour per acre, 
have to be discharged after extraordinary rain-falls. 
These may be taken as maximum results. The 

♦ Metropolitan Main Drainage Report, pp. 75i 76. 

x8 
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gaugings of the Westminster sewers in summer 
give 53 cubic feet per hour for the urban, and 17 
feet for the suburban, according to Mr. Hawkins. 

In urban districts, however, a much larger quantity 
of water is conveyed more rapidly, (kBteris paribus, 
to the mains, than in suburban districts and catch- 
ment basins generally, in which the maximum dis- 
charge per acre per hour, even in the steeper and higher 
districts, seldom exceeds 700 cubic feet, and varies 
from about 20 cubic feet for the larger and flatter 
districts upwards. This arises from the impervious 
nature of the surfaces it falls upon in towns, and the 
lesser waste in passing to the drains, as well as a 
large portion of the supply being often artificiaL 
From 70 to 90 cubic feet* per acre per hour, is 
generally taken for the maximum discharge from the 
average number of catchment basins ; this is nearly 
equal to a supply of one-fiftieth part of an inch in 
depth from the whole area. Thorough-drainage in- 
creases the supply and discharge. Ihert/ catchment 
hasin has, however, its own peculiar data, and a 
knowledge of these is necessary before we can draw 
any correct conclusions for new waterworks in connec- 
tion with it It may be remarked, however, that any 
conclusions drawn from experiments on the supply 
of tributaries, particularly in high districts, are 
wholly inapplicable to the main channel into which 
they flow. The flow into tributaries and mountain 
streams, or rivers, is always more rapid than into 

• Some interesting observations on rain-fall and flood dis- 
charges are given in the Transactions of the Institution of Civil 
Engineers, Ireland, for 1851, pp. 19-33, and pp. 44-62. 
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main channels and rivers in flat districts, and the 
supply from springs often forms a large portion of 
the water flowing in them. 

TABLE showing Summer Diacharges of some EnglUh Rivers, as collected from 
various authorities, re-arranged, showing to some extent the effect of 
Springs in supplying Channels in different places. 



^1 



NAMES OF BIVEB8. 



Gade, at Hunton 
Bridge, chalk . . 

Lea, at Lea Bridge, 
chalk. (Rennie, 
April 1796) . . . 

Loddon, (Feb. 1850.) 
green sand . . . 

Medvay, driest sea- 
&on8,(Rennie 1787,) 
clay 

Mimram, at Panshan- 
ger, chalk . . . 

Medway, ordinary 
summer run, (Ren- 
nie, 1787,) clay . . 

Nene, at Peterbo- 
rough, oolites, Ox- 
ford clay, and lias . 

Plym, at Sheepstor, 
granite .... 

Severn, at Stone- 
bench, Silurian . . 

Thames, at Staines, 
chalk, green sand, 
Oxford clay, oolites, 
&c 

Yerulam, at Bushey 
Hall, chalk . . . 

Wandle, below Car- 
shalton, chalk . . 

Trent, at its mouth, 
oolites and Oxford 
clay 






Yaney. HflL 



150 to 500 

30 to 600 
110 to 700 

200 to 500 



10 to 600 
800 to 1,500 
400to2,600 

40 to 700 

150 to 500 

70 to 850 

100 to 600 



a 



60*5 

570H) 
221-8 

481-5 
292 

481*5 

6200 

7-6 

8,900 

8,086 

120-8 

41-0 

3,921 



I 



2,500 

8,880 
3,000 

2,209 
1,500 

2,520 

5,000 

500 

88,111 

40,000 
1,800 
1,800 



ilr 



86-2 

15-58 
18-58 

4-59 
51-4 

5-28 

8-45 
71-4 
8-49 

12-98 

14-9 

48-9 



II 

ill 



8-19 

8-58 
801 

1-04 
11-58 

2-19 

1-88 

15-10 

1-98 

2-98 
8-87 
9-98 



ill 



25-4 



26-6 



28-1 
45-0 



24-5 



24-0 
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The above information has- been obtained from 
Mr. Beardmore and Mr. Hughes' books, and from 
Rennie's reports. The effect of the geology and 
fissures in the chalk and mountain limestone forma- 
tions on the springs of a catchment basin, and on 
maintaining the summer discharge, should be carefully 
noted as one of the elements entering into catchment 
basin statistics. Indeed, the maximum and minimum 
discharges from catchments are of as much impor- 
tance to the engineer as the averages, and, for many 
purposes, more important. There were abundant 
opportunities of acquiring this information for all 
our Irish rivers, but we are not aware if these were 
turned to account. 

The effects of evaporation are very variable; some- 
times 58 or 60 per cent, of the annual fall is carried 
off in this way from ordinary flat tillage soils, and 
other estimates are much higher; much, however, 
depends on the soil, subsoil, inclination, stratification, 
and season. The evaporation from water surfaces 
exceeds the annual fall in these countries by 
about one-third ; and that from flat, marsh, and 
callow lands exceeds the evaporation from ordinary 
tillage, porous, and high lands. When the flat lands 
along the banks of rivers extend considerably on 
both sides, an extra fall is necessary into the main 
channel, along the normal drains, otherwise such 
lands must suffer from excessive evaporation as well 
as floods. Evaporation also varies with the climate, 
and in this country we may assume that one-third of 
the whole rain-fall passes on to the sea. 

In a paper in the Journal of the Boyal Agricultural 
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Society of England, vol. v, part 1, 1844, Mr. Josiah 
Parkes shows, that 42| per cent, of the whole annual 
rain of England filters through the soil, and 67| per 
cent, evaporated, being the mean results of eight 
years' observations, from 1836 to 1843, both included. 
The mean evaporation and filtration for each month 
during this period is shown and arranged by us in 
the following table : — 



MONTHS. 




Total 
falling. 


Evaporated. 


Remaining. 


Deposited in Toni 

and Cubic feet per 

acre. 


• 


Ineliea. 


Inohea. 


percent 


Inehea. 


percent 


CaUcfeet 


Tons. 


Jannaiy . 






1-847 


•540 


29-8 


1-807 


70-7 


4,744 


132 


February 






1-971 


•424 


21-6 


1-547 


78-4 


5,616 


156 


March . 






1-617 


•540 


38-4 


1-077 


66-6 


8,910 


109 


April . . 






1-456 


1-150 


790 


0-306 


210 


1,111 


39 


May . . 






1-856 


1-748 


94-2 


0-108 


5-8 


892 


11 


June . . 






2-218 


2174 


98-3 


0-039 


1-7 


142 


4 


July . . 






2-287 


2-245 


982 


0-024 


1-8 


87 


2-4 


August . 






2-427 


2-391 


98-6 


0-036 


1-4 


181 


3-6 


September 






2-639 


2-270 


80-1 


0-369 


13-9 


1,889 


37 


October . 






2-823 


1-428 


50;5 


1-400 


49-5 


5,082 


141 


November . 






3-887 


0-579 


15-1 


3-258 


84-9 


11,826 


328 


December . 






1-641 


0-164 


OOK) 


1-805 


ICO'O 


6,552 


182 


Yearly averages . 


26-614 


15-820 


57-6 


11-294 


42-4 


40,982 


1146 



The maximum quantity, 32-10 inches, fell in 1841, 
and the minimum in 1837, 21 10 inches. The maxi- 
mum quantity which fell in January was 3 -95 inches, 
and the minimum -31 inch; in February 2'85 and 
102 inches; in March 3*65 and 034 inches; in 
April, 2-67 and -34 inches; in May 6-00 and -70 
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inches ; in June 3-31 and 133 inches ; in July 4-36 
and 1-30 inches; in August 3*65 and 095 inches; iu 
September 4-60 and 63 inches; in October 482 
and 1-41 inches ; in November 6*77 and 205 inches; 
and in December 3 02 and -40 inches. The greatest 
quantities fall in September, October, and November; 
and the least in February, March, and April. The 
general mean fall for England is said to be 3 U inches, 
and near London 25 inches. 

The amount of rain varies, not only at different 
places and different elevations, but also at different 
elevations in the same place. The following table 
shows the amount of rain collected in each month in 
1855 at Greenwich observatory, at different elevations: 



MONTH IN 1866. 


Ofller'B anemo- 


On the roof 
of the 
Ubrary. 


Crlinder 
parfly BuiilE in 
the ground. 


January 


0-2 


1-0 


1-6 


February 


0-2 


1-4 


1-0 


Marcn 


0-6 


1-8 


20 


April 


01 


01 


0-1 


J¥ll»j ••• ... ... ••• ••• ••• 


06 


1-6 


1-8 


Juud • 


0-6 


0-7 


0-9 


July 


8-1 


4*8 


6-8 


August 


0-6 


0-8 


1*4 


September 


0-8 


11 


2-0 


October 


2-6 


4-6 


6-2 


November 


0-6 


11 


1-6 


December 


0-4 


0-9 


11 


Totals 


100 


19-2 


23-8 



The cylinder gauge was placed 165 feet above the 
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level of the sea; the gauge on the roof of the 
library 22 feet over the cylinder gauge, and Osier's 
anemometer gauge 28 feet higher than the gauge on 
the roof of the library. In the valleys in the lake 
districts, Westmoreland and Cumberland, the annual 
fall varies occasionally from 60 to 100 inches, and 
the maximum fall is said to obtain at about 2000 feet 
above the level of the sea on high catchments. 

At Ballinrobe, a gauge placed on the church 
tower, 60 feet above the ground, indicated 42 per cent, 
less rain than one on the ground ; and another experi- 
ment with a change of gauges, gave 68 per cent, less 
at the greater elevation. 

At Kinfauns Castle, Scotland, a gauge 600 feet 
high on a hill, gave 41i inches, while one at the base, 
580 feet lower, gave only 25i inches. In Keswick, 
the fall is 65i inches, and in Carlisle only 30 inches. 
At Kendall the fall is 60 inches ; at Manchester 33 
inches ; at Lancaster 45 inches ; at Liverpool 34 inches. 

From the 23rd of February to the 6th of June, 1 860, 
the rain at Dublin was 8 inches. At the Leefin Moun- 
tain, which is 2000 feet high, the rain was 13 1 inches. 
From the 23rd of February to the 9th of July, the 
rain at Dublin was 10 674 inches ; and at the same 
time, on the Leefin Mountains (over Ballysmutten), 
181 inches ; that is, an increase of nearly 80 per cent, 
in that time. From the 23rd February to the 2l8t 
August, inclusive, the rain-fall at Dublin was 17 inches ; 
at Blessington 21 inches ; at Ballysmutten, on the site 
of a proposed reservoir, 27 inches. This showed an 
increase over Dublin of 10 inches. It would appear 
that from 50 to nearly 80 per cent, more rain fell at 
Ballysmutten than at Dublin. 
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Experiments were made at York in 1832, 1833, and 
1834, for the British Association, with three gauges, 
— the first placed on a large grass plot in the grounds 
of the Yorkshire Museum ; the second at a higher 
elevation, 43 feet 8 inches, on the roof of the Mu- 
seum; and the third on a pole 9 feet above the 
battlements of the great tower of the Minster, at an 
elevation over the gauge on the ground of 212 feet 
lOi inches. The quantities received were as follows : — 

Average depth for 
Depth for three years. one year. 

First gauge . . 64*430 inches . . 21*477 inches 

Second gauge . . 52-169 „ . . 17-389 „ 

Third gauge . . 38-972 „ . . 12-991 „ 

Professor Phillips gives the following formula for 
calculating the difference between the ratios of rain 
falling on the ground and at any height h in the same 
place— ^^^ the temperature of the season, and c a co- 
efficient dependent upon it ; then the difference d is 

The mean height at which rain begins to be formed 
by this formula is 1,747 feet over the ground; and at 
366 feet high, the depth which falls is one-half of 
what falls on the ground.* 

A discussion of the mean temperature in connexion 
with the fall of rain, has been made at Greenwich for 
the years 1852, 1853, and 1854 ; and at Oxford for 
the years 1855, 1856, and 1857. The result shows an 
average of 160 -3 rainy days at Greenwich for each 
year, and 146*6 at Oxford. The difference of the mean 
temperatures of the day of rain and the day before 
is less than that of the day of rain and the day alter. 

* Yidje Civil Engineer and Architect's Journal for 1860, p. 167, 
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Mean tempera- Mean tempera- Mean tempera- 
ture, day tare, day of ture, day 
before rain. rain. after rain. 

Greenwich observations 49-25° . 49-27° . 48-98° 

Oxford do. 49-50 . 49-63 . 49-44 

Dividing the winds into two gronps, northerly 
and sontherly, the Oxford observations give the di- 
rection for 21 85 days' fair weather. The wind was 
northerly for 131-5 days, and sontherly for 87 days. 
For the remaining 146-5 rainy days, the wind was 
northerly for 64-6 days, and southerly for 82 days. 



SECTION XIIL 

WATER SUPPLY FOR TOWNS, — STRENGTH OF PIPBS. — 8BWER- 
AGB SSTIMATBS AND COST.— THOBOUGH-DBAINAGB. — 
ARTBRIAL DBAINAGB. 

SUPPLY. — QUAUTY. 

The supply of water to towns has become latterly 
a subject of considerable importance. Three points 
have to be considered, — first, a sufficient supply 
at high pressure, when it can be obtained within a 
reasonable expenditure ; secondly, the quality ; and, 
thirdly, the cost. The advantages in towns of high 
pressure are now apparent to all in overcoming fire ; 
fronts of houses and pavements may also be cleaned, 
and streets watered if t^ie supply be abundant. The 
highest apartments ean be supplied, and even mecha- 
nical power can be obtained for many purposes, as 
grinding coffee, at a reasonable cost. Mr. Glynn 
says,* " In many parts of London water is supplied 
at Ad. for 1000 gallons, at a pressure of 150 feet : 
a gallon of water weighs 10 lbs., so that 1000 
* Power of Water. — ^Weale. 
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gallons of water falling 150 feet, are equal to 
1,500,000 lbs. falling one foot ; and if 1500 gal- 
Ions of water be used in one hour, they are equal 
to 37,500 lbs. falling one foot in one minute, or 
somewhat more than a horse's power, which is 33,000; 
therefore, it may be assumed, that the cost of a horse's 
power for an hour in such cases, is only 6rf.'* 

The number of gallons of water required for the 
supply of each person, including all collateral uses, 
has been differently estimated, and varies in almost 
every town, and even in the same city — London, for 
instance, when supplied by different companies and 
under different systems. 44 gallons per head, per 
diem, were supplied by the several companies of 
London in 1853, while evidence has been given to 
show that the actual average consumption for all 
purposes did not exceed 10 gallons per head, per 
diem ; the remainder having been wasted under an 
imperfect system of distribution. It is asserted that 
when the supply is 25 gallons per head, per diem, 
that 5 gallons of it are used for purposes requiring 
filtration, 10 gallons for purposes not requiring fil- 
tration, and 10 gallons wasted, or two-fifths of the 
supply. As there must be a considerable* loss under 
even the best system of supply, we may assume, 
with the Board of Health, that a minimum supply of 
75 gallons per house, per diem, or 15 gallons per 
person, per diem, is necessary. 

The following is an abstract of the average num- 
ber of gallons of water furnished per diem, by 
different water companies in London, during the 
year 1853, to each house, including manufactories 
and public establishments as houses : — 
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New Eiver Company 

East London Water Works .... 
West Middlesex Water Works 

Grand Junction Water Works 

Sonthwark and Vauxhall Companies' Houses 

Ditto average honses, mannfactories, public 
establishments . . • . • 

Chelsea Water Works 

Hampstead Water Works . . . • 

Kent Water Works 

Mean Yalnes . 


Oalkms. 


PerHonaa. 


Pttr PcnoB. 


193 

187 

204 

f819 
1886 

175 

200 
227 
111 
270 


88-8-5 

87-4-5 

40-5-5 

f 68-4-5 
(67-1-5 

85 

41-4-5 
45-2-5 
221-5 
55 


2288 


446*8-5 


228*8-10 


44-8-5 



These quautities have been calculated from the par- 
liamentary returns made in 1854 ; and if there be 
any truth in the calculations and returns of the 
quantities actually consumed per person — said to be 
10 gallons — we get the proportion, as 10 is to 34 so is 
the quantity Consumed to the quantity wasted. But, 
even assuming the quantity consumed to be 20 gal- 
lons per head, what an immense loss is here exhibited 
from want of a suitable system of distribution. 

For large towns it is safe to provide for many 
purposes, besides mere personal or house wants ; and 
it is safer, where it can be done without much cost, 
to provide for a supply of 40 gallons to each inha- 
bitant, even if this quantity shall not be used or 
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raised. For high pressure, the supply required will 
generally vary from 15 to 42 gallons, or from 3 to 
7 cubic feet to each inhabitant, or an average of 
about 30 gallons, including the supply to stables, 
oflBces, manufactories, and breweries. 

The quality of water for drinking, washing, or 
cooking, is also an important element in selecting 
a source of supply. Hardness is measured by the 
number of grains of chalk or carbonate of lime to 
a gallon of water, each called a degree. The average 
hardness of spring water is about 26'', that is, 26 
grains of carbonate of lime to one gallon of water. 
Rivers and brooks have an average hardness of 13^, 
and water derived from surface drainage 6° ; hence 
the great advantage of the latter kinds of water in 
washing. The average hardness of the London pipe 
waters is from 10° to 16°. The following report 
and analyses furnished to me, in 1855, by Professor 
Sullivan, of the Museum of Irish Industry, Dublin, 
will show what is generally required on this head : — 

" On the annexed page you will find the numerical 
results of my analyses of the four samples of water 
which you left with me for examination. From the 
table you will perceive that the water of the Mattock 
River appears to be the purest, so far as the nature 
and the amount of the foreign substances held dis- 
solved in it is concerned. The water of the Boyne 
comes next in quality to that of the Mattock Biver^ 
the pump water being in every sense the worst, so far as 
amount of ingredients can be taken as a test of the 
quality of a water ; in this respect, indeed, it resembles 
the water of the deep wells of London and elsewhere. 
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" As the ordinary mode in which the quality of 
a water, for drinking and for culinary and like pur- 
poses, is judged of is, by the comparative amount of 
organic matter, the total amount of dissolved matter, 
and its hardness, according to the 'soap test,' I 
shall give in the following table the numbers repre- 
senting each of these qualities : — 

TABLE thounng the number of grains of Organic Matter, and the number of 
grains of Solid Matter, in an imperial gallon of 



Water from 



Number of 

Orainsof 

Orgaoic ICetter, 

per 

ImpeiJal Q«L 



Number of 
Qndnsof 

SoUd Matter, 
per 

Imperial OaL 



Degree of 

Hardnees 

aooordingto 

the 
SoapTeet 



No. 1. Tdllyescar . . . 

„ 2. Biyer Mattock • 

^ 8. Biver Boyne • • 

„ 4, Bum's Pump . . 



8*976 grs. 
2* (about) 
8-260 
7-100 



81,176 
16,860 
22,700 
76,860 



16 8-10th8. 

1-lOth. 

14 O-lOths. 

84 4.10tJi8. 



e more instructive, it 



" In order to render this tabic 
may be well to subjoin a few of the results obtained 
from the analyses of the waters of other localities. 

TABLE showing the number of grains of Solid Mcttter contained in one gaU 
Ion of the foUawing Water : 

Thames, at Greenwich . • • • 27-9 grains. 

„ London • . • . 28*0 ,, 

„ Westminster . . • 24-4 „ 

„ Twickenham . . . 22-4 „ 

Teddington. . . . 17-4 „ 

New River (London) .... 19-2 „ 

Lea „ „ .... 28-7 „ 

Trafalgar Square Fountain, Deep Well . 68-9 „ 

WeU in St. Giles', Holbom . . . 1050 „ 

Artesian WeU at Grenelle (Paris) . . 9-86 „ 

" The following are some of the results obtained 
from an examination of the waters in the neighbour- 
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hood of Dublin, or which have been proposed as a 
source of supply :* — 



Locality trom whence WatjBr 


Total Number 

of Grains 

per Imperial 

Gallon. 


Total Nnmber 

of Grains 

of Organic 

Matter. 


Degree of Hard- 
ness according 
to the Soap 
Test 


Royal Canal (12th Lock) . . 


210 


2-80 


degs. 
14-0 


Qrand Canal (7th Lock) . . 


16*300 


2-30 


10 8-4th8. 


RiTer Liffey, at Eippnre . . 


8-626 


1-90 


2.10thB. 


„ at Phonlaphouca 


6-126 


1-60 


2-lOthB. 


Lough Dan, Co. Wicklow . . 


2-800 


1-226 


S-lOths. 


River Dodder, at City Weir . 


8-860 


1-626 


1 S-lOths. 


Lough Owel 


10-226 


1-660 


6 7-lOths. 



" The quality of a water for drinking purposes 
depends in a great degree upon the condition in 
which the organic matter is found, much more than 
upon its quantity. This is, however, a question 
outside of the domain of chemistry, and can only 
be solved by the aid of the microscope. I may, 
however, venture to remark that the organic matter 
contained in the water of the Boyne and the Mat* 

• While these pages were passing through the press, Dr. Apjohn 
gave the following analyses :— Totimatter Orgsnic 

dissolyed. matter. Hardneaa. 

Grand Canal — ^mean of seven analyses . 20-78 -96 15*9 

Royal Canal — ^mean of ^\e analyses . 20-76 1-64 14-1 

Liffey — mean of eleven analyses . . 8*62 1*77 6-1 

Analysis of the deposition on pipes from the Portohello basin : — 



V^ater . . 
Organic Matter 

Sand 

Per Oxide of Iron and Alumina 
Carbonate of Lime . 
Carbonate of Magnesia . 



2-20 
9-71 

10-20 
3-50 

74-20 
•19 

100 
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tock River is of vegetable origin, and would not, 
so far as I believe, be injurious to health. 

'' As a general rule, I believe that the water of 
clear flowing rivers, even though it may contain a 
large amount of solid matter, and even of organic 
matter, will be found wholesomer than well water, 
especially in towns. 

*^ For certain manufacturing purposes, and for 
culinary purposes, too large an amount of lime is 
injurious, but I believe that a certain quantity pre- 
sent in water, is not only not injurious, but in my 
opinion is of the greatest utility, and renders the 
waters wholesome. I think the rage for extracting 
pure water containing only one grain of solid matter 
to the gallon, or thereabouts, for supplying towns, is 
carried too far. Such water is, no doubt, the best 
on a hill side ; but, I question whether it is equally 
well adapted for resting in basins, tanks, pipes, &c., 
with that containing some lime. The River Dodder 
and Lough Owel waters appear to me the best 
adapted for city and town supplies. The River 
Mattock contains rather more than either, but it 
is decidedly better than the water of either of the 
canals from which our Dublin supply is drawn. 

" Drogheda is rather badly situated for a supply 
of very soft water, as almost the whole drainage 
basin of the Boyne is either situated upon limestone, 
or the feeders of that river rise through the cal- 
careous drift gravel which covers so much of the 
country. The water of the Boyne appears to be 
an excellent water for most purposes, and perhaps 
the difference between it and the Mattock River 
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Tahdar BssuUi of ths Special Arudym of Four SampUs of Water 
from the neighbourhood of Drogheda. 





No.1. 
ToDyeMV. 


No.i. 


KO.& 


No. 4. 






ICattoflk 

BiTW. 


^, 


Bams'B 
punpwiOer. 














nmOmBtn of • ▼•ry 


Carbonate of lime . . . 


9-860 


7-809 


11-648 


91-476| 


nnin quaamy of 
ftnd Iran not npa- 


Carbonate of magnesia . 


0-499 


0-610 


0-888 


0-686J 


.rated ftomttia lime. 


Solphate of lime . . . 


9048 


9-614 


4*469 


4-568 




Chloride of magnesinm . 


0-748 


1-968 


1-686 


8-445 




Chloride of oaldnm . . 


• • 


.. 


.. 


9-694 




Chloride of aoldinm • . 


.. 


0-991 


.. 


.. 
















nale,^to.,Sn the water. 


0^464 


•• 


•• 


•• 




lime do. do. . . 


.. 


.. 


• • 


0-648 




SiUoa do. do. . . 


0-697 


.. 


0-899 


9-919 
















in water, as nitrates, 












erenates, and other or- 












ganic salts 


l*^^ 


a-786 


0-448 


99-898 




OzganiA matter . . . . 
Total number of grains 


8-975 


•• 


8-950 


7-100 












per Imperial gallon . . 


81*170 


16-860 


99-700 


76-860 





may in part be acoonnted for by its being taken 
near the banks^ or more probably, perhaps, because 
it was above and close to where some small stream 
entered. 

*'The quantity of solid matter in it, however, was 
not more than I would expect considering the nature 
of the locality. I did not draw attention in my 
Report to a point of some importance — namely, the 
proportion of lime and magnesia existing as car- 
bonates, and as sulphates, and chlorides. The whole 
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of the lime and magnesia existing as carbonates, and 
as sulphates, and chlorides, is precipitated by boil- 
ing, the water being thus proportionably rendered 
less hard ; lime and magnesia existing as sulphates 
or chlorides, on the other hand, are not precipitated. 
This difference is of great consequence in culinary 
operations, as where boiled water is used, the car- 
bonates of lime and magnesia are not injurious, and 
if no sulphates or chlorides be present, the water 
may be soft after boiling. The same observation 
applies to water applied to washing clothes when 
boiled. And lastly, sulphate of lime forms one of 
the worst elements of fur or deposits upon steam 
boilers." 

The saying in soap effected by a reduction of 10 
degrees in hardness, is found to be over 50 per cent. 
Some of the metropolitan waters analyzed by Dr. 
Eobert Dundas Thomson, F.R.S., were found, in 
May 1860, much more impure than others, the sam- 
ples of which had been taken at the beginning of 
the month, before the impurities conveyed by the 
rains had contaminated them. The supply afforded 
by large and small rivers, as in London, in this 
table, contrasts most unfavourably with that afforded 
by the drainage of mountain ridges, as at Glasgow 
and Manchester. The specimens of water from the 
two latter cities were taken by the instructions of 
Mr. Bateman, F.B.S., the engineer, from the main 
pipes during the month. It should be the object of 
the London Companies to avoid pumping the water 
in its most impure state, and to store it when in the 
condition of the greatest purity. 

t8 
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Distilled water 


ToW 
Impurity 
p«rgBUoii. 


Orgndo 
Impnritj 
pflrgaUon. 




0-0 


00 




Loch Katrine water, new supply to Glasgow 


8-16 


0-96 




Manchester water supply • . . . 


4-82 


0-64 




Thames Companies :— Chelsea . 


17-84 


1-48 




Southwark 


17-08 


1-64 




Grand Junction 


20-72 


2-00 




West Middlesex 


20-08 


2-08 




Lambeth 


20-80 


2-40 




Othkb Companies:— New RiTer 


18-62 


1-66 




East London 


28-64 


8-20 




Kent 


21-68 


2-06 





The table is read thus : — ^Loch Katrine water eon- 
tains in the gallon 3*16 degrees or grains of foreign 
matter in solution, of which -96 degrees or grains 
are of vegetable or animal origin. 

Professor Apjohn gives the following analyses of 
waters furnished to the city of Dublin in 1860. It 
shows how necessary it is to distinguish the time of 
taking specimens for analysis^ and the previous state 
of the weather as affecting the foreign matters in the 
water. The specimens were collected on the 5th and 
19th of May, 1860. The quantity operated upon in 
each instance was an imperial gallon, or 277-273 
cubic inches : — 
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CITT WATEB C0UB8E, DODSEB. 



Carbonate of lime . 



SfhlCay. 
4-056 



Carbonate of ma^esia . . ) 

Sulphate of lime and ohlo- j 

rides of sodium and mag- \ 

nesium J 

Silex 0-166 

Organic matter . • . • • 1*811 

8-302 



7-3081 
0-700 

2171 

0-626 
1101 

11-086 



Specific gravity of 
specimen (6th May) 

100011. 

Specific gravity of 

specimen (19th 

May) 1-00014. 



POBTOBEIJiO BASIN. 



■ : • '] 

Tiesia . . ) 



7-687 



4-068 



Carbonate of lime 
Carbonate of magnesia 
Sulphate of lime and chlo- 
rides of sodium and mag- 
nesium 

Silex 0K)78 

Organic matter 8*808 

15-126 



11-660^ 
0-764 

8-751 

0-194 



Specific gravity of 
specimen (5thMay) 

1-00028. 

Specific gravity of 

specimen (19th 

May) 100081. 



18*658 



It will be observed that the quantities of saline 
and other ingredients found in specimens of same 
water collected at the two separate periods above 
mentioned are materially different; those obtained 
at the later date (May 19) containing the larger 
portion of foreign matters. The extent of this 
variation is very considerable, and it appears to Dr. 
Apjohn to have been the consequence of a very con- 
siderable fall of rain, which took place in the in- 
terval between the periods at which the specimens 
were taken up for analysis. 

When the means of the preceding analyses are 
taken, we obtain the following results : — 

City Wftter Gonna. PoHoImUo I 

Mean amount of saline matter . 8-598 14-094 

„ „ organic matter « 1-456 2-798 
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SOUBOBS AND GATHBBING GB0UND8. 

The sources from which. a water supply for towns 
may be derived are lakes, rivers, and streams^ 
springs, wells, and gathering grounds. Of the latter 
it may be said that, however ably put forward under 
the auspices of the Board of Health, it is far safer 
to resort to good river waters than trust to what 
has been termed, with some satirical truth, "new 
fangled schemes of pot-piped gathering grounds.'* 
Springs and wells afford, at best, but a partial sup- 
ply unless for villages or manufactories; and we 
must almost always trust to lakes, rivers, or streams, 
with sometimes reservoirs, for stowage, for a suffi- 
cient supply for large towns. The Croton aqueduct, 
conveying water with an average of three degrees of 
hardness, to New York, is perhaps the noblest work 
for water supply of modern times. The length of 
the aqueduct is about 44 miles, with a channel in- 
clination of about 16 inches per mile. The receiving 
reservoir is about two miles higher up the channel 
than the distributing reservoir, which latter is 115 
feet over the level of the sea, and commands the 
highest buildings of the city. In the driest weather 
the supply is equal to 28,000,000 gallons.* The cost 
of the work, including the purchase of land and 
water rights, was 8,675,000 dollars, or £8 per lineal 
foot nearly. The cost of distributing pipes was 
1,800,000 dollars. Latterly we have had the Loch 
Katrine and Glasgow aqueduct, also a noble work, 

* Schramke's Croton Aqaeduct» New York. 
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constrncted after this model by Mr. Bateman, not- 
withstanding the previous supply of that city, or a 
portion of it, the Gt>rbaISy from gathering grounds at 
a high level. It is, however, sometimes necessary 
to make use of such grounds, particularly when 



TABLE showing the QwmHt%e$ of Oathering Qrovnd and Reservoir Room to 
supply a given population with Id, 80, and 40 gallons of water per head 
per diem. The reservoir room i$ calculated to hold 12 inches in depth 
of raii^faU per mile as a guide for lesser depths. For 4 inches the 
results are to be divided by S; and for 6 inches by 3. 




11 





2,600 

6,000 

7.600 

10,000 

12,600 

16,000 

17,600 

20,000 

26,000 

80,000 

86,000 

40,000 

46,000 

60,000 

66,000 

60,000 

66,000 

70.000 

76,000 

80,000 

86,000 

90,000 

96,000 

100,000 

106,000 

110,000 

116,000 

120,000 



1,260 

2,600 

8,760 

6,000 

6,260 

7,600 

8,760 

10,000 

12.600 

16,000 

17,600 

20,000 

22,600 

26,000 

27,600 

80,000 

82,600 

86,000 

87,600 

40,000 

42,600 

46,000 

47,600 

60,000 

62,600 

66,000 

67,600 

60,000 



987 

1,876 

2.812 

8,760 

4,687 

6,626 

6,662 

7,600 

9,876 

11,260 

18,126 

16,000 

16.876 

18,760 

20,626 

22,600 

24,876 

26,260 

28,126 

80,000 

81,876 

88,760 

86,626 

87,600 

89,876 

41,260 

48,126 

46,000 



4179 
8-868 
12-686 
16*716 
20-894 
26-072 
29-261 
88-480 
41-788 
60-146 
68-6 
66-9 
76-217 
88-67 
91-982 

100-29 

108-66 

117- 

126-86 

188-72 

142-1 

160-486 

168-8 

16716 

176-6 

188-86 

192*22 

200-68 



•0876 

•076 

•1126 

•16 

•1876 

•226 

•2626 

•800 

•876 

•46 

•626 

•6 

•676 

•76 

•826 

•9 

•976 

1-06 

1^126 

1-2 

1-276 

1-86 

1«426 

1*6 

1«67 

1-66 

1-72 

1-8 



•0789 
•1677 
•2866 
•8164 
•8942 
•4781 
•6619 
•6808 
•7886 
•9462 
1-1089 
12616 
1-4198 
1^677 
1^784 
1-8924 
2-0601 
2-2078 
2-8666 
2-6232 
2-6809 
2-8886 
2^970 
8-164 
8*811 
8-469 
8^62 
8-786 



2-196 
4-898 
6-689 
8-786 
10-982 
18179 
16^876 
17-672 
21-966 
26-868 
80-76 
86-144 
89-687 
43-98 
48-82 
62-716 
67109 
61-502 
66-896 
70-288 
74-681 
79^074 
83*467 
87-86 
92-26 
96-64 
lOl^lO 
106-43 
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flanking or lying above glens where an embankment 
may be easily thrown across, and the supply stored 
for use, which would otherwise pass quickly oflF. 
The table, page 327, gives the areas of reservoirs 
and gathering grounds according to a collection of 
one foot in depth from the catchment ; it can be 
easily modified when the storeage or required supply 
exceeds or falls short of this depth. One acre of 
gathering ground with a collection of twelve inches of 
rainfall from it anmuiUy wUl give a daily supply of 
five cubic feet per head to twentyfour infuzbitants. 

The next table will be of use in showing the 
actual quantities which have been collected, or could 
have been collected, for storeage. Homersham, 
Hughes, and Beardmore's books have been consulted 
in arranging it. 

The various methods employed for purification may 
be classed under three heads : mechanical, by filtering 
or straining ; chemical, or antiseptic media, such as 
peat and animal charcoal, and precipitation by the 
use of lime water ; and the natural precipitation of 
impurities when the water is at rest, as well as the 
purification which takes place from oxidation and 
neutralization on thorough exposure by the ozone of 
the atmosphere. This latter plan has, however, been 
tried, and signally failed. Filter beds may be con- 
structed to have a surface area of one square yard 
to every 1,000 gallons to be filtered in twenty-four 
hours. For executed works the proportions vary 
from 1 in 460 to 1 in 1140. The cost of filtering, 
in capital, may be said to vary from £30 to £70 for 
each million of gallons, or 30*. to 70*. annually. 
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TABLE thawing informatUm tntk reference to tize of RetervoirSf Catchment Areas, 
dtc.y collected and arranged from various authorities. The first, f^fth^ atid sixth 
columns contain information with reference to reservoirs and the collecting areas; 
the second, third, and fourth, show for different districts the whole rain-fall, and 
the portions or per centage flowing off and available. 



Names of Dralxiage Areas 
and names of Beaerroin. 



Ashton 

Albany Works, U.S. 
BaUinrobe, Ireland. 



Belmont (moorland, mean 
of four years) 



Bolton 

Bute (low country) . 



•59 
•29 
11-0 

2-81 
•80 



Bateman's Evidence on the 
drainage area of Long- 
dendale : — 
First half of 1845, very dry 

Second half of 1845 

First half of 1846 

Oct., Nov., and Dec., 1846 

Bann Beservoir( moorland) 

Drainage areas on south 
side of Longridge Fell, 
near Preston, May 1853, 
to April 1858 



DilworthBeservoir of Pres- 
ton Works, Lancashire 



Glencorse . 
Greenock . 



Homersham's estimate of 
24,000 cubic feet of Be- 
servoir to each acre of 
drainage 



Longdendale 



Proposed Reservoir for 
Wolverhampton Works 



Bivington Pike 

Sheffield 

Turton and Entwistle 



•092 
6-00 

7-88 

•1 
23-8 

16-25 
1^42 
8-18 



ill 



400 

49-3 
54-5 

45-4 



21-2 
88-6 
22-5 
10-2 

72- 



54^ 



87-0 
60-0 



55-5 



46-2 



'hi 



a^ 



15-5 

28-5 
89-6 

23-9 



18-5 
27-25 
17-5 
8-67 

48-0 

15-5 
180 
22-0 



22-3 
410 



24-25 



41-0 






89 

58 
72 

58 



64 
71 

78 
85 

66 

29 
88 
48 



60 

68 



44 



89 



21-0 
11 

26-8 
25-6 



540 
7-66 
38- 

15-86 
12-3 

•7 
29-6 
36-5 
81-48 



ilr 



12 
32 

76 
20 



5 

46 

800 

15-86 
292 

16 
481 

52 
100 
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COST. 

With reference to cost, the following tables, ar- 
ranged by ns from various sources, will afford in- 
formation from works executed. 

The actual cost of all works for house service 
varies very much in different towns, and with the 
quantities supplied, from a general average of Id. 
per house per week, to 2^?., and from an annual 
rate of dd. in the pound to Is. Qd., and higher. 
The cost of raising and supplying 1000 gallons 
from a height of 135 feet in Nottingham, is said to 
be 3rf., and the charge for house service to vary 
from 5*. to 60*. annually. In Rugby, the average 
cost per house is 195. per year, 4irf. per week, or an 
annual charge of 3*. 3c?. per year, or |c?. per week 
per head of the population, and for a bare supply 
of 13 gallons. In Croydon, for a supply of only 
14 gallons per head, the cost of works varied from 
lirf. to 2id. per house per week. The parliamentary 
returns, showing the number of houses supplied, 
and cost of supply, by different water companies of 
London, in 1834, give the following results : — 



OOMPAMIEa 


Number 

of 
Houses. 


Daily 
arerage 


Heiglitof 

Supply 

orer 

Thames. 


Amoont of 
eliargeper 
Company. 


New River 


78,212 
13,891 
16,000 
11,140 
46,421 
12,046 
16,682 
7,100 


241 
168 
185 
850 
120 
100 
124 
156 


145 
185 
165 
152 
107 

80 
185 

60 


£ $. d, 
16 6 

1 18 8 

2 16 10 
2 8 6 
12 
15 
17 
118 


Chelsea 


West Middlesex 


Grand Junction 


East London 


South London 


T^niVth T 


Sonthwark 
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Cost of house apparatus for private supply from 
street maius^ as averaged hj the Board of Health, 
for first-rate houses, is £3 13*. 2d. ; second-rate 
houses, £2 18*. Qd. ; third-rate, £2 3*. M. ; fourth- 
rate and cottages, 17*. 5d. ; average cost for houses 
and cottages, £2 8*. Id. 

The actual cost of private works — to take water 
from mains for the supply of cottages— is shown in 
the following table : — 



Work 
executed in 


NAME OF FLAOB. 


HeenExpenee 
of PriTKte 
Workefor 

eaoh Cottage. 


▲nnnal Velne 

of 
eaohCotUge. 


Jan. 1853 

Mar.1853 

„ 1863 

Aiig.1853 


Bngby, mean of 6 Cottages 

Croydon 10 „ 

Barnard Castle 11 „ 

Tottenham 6 „ 


£8. d, 
1 12 11 

3 

1 18 H 

3 11 10} 


£ 8. d. 

6 10 

4 

8 2 6 

10 


Mewi ya]n4 


3S for eaoh Cottage 


2 9 


5 18 1} 







The water rate charged by the Local Board at 
Tottenham, is given as follows : — 





In tiie Bpeoial DlrtrlotBate 


Water Bate 
per week. 


Water Bate 
per M^**""*- 


AboTe 


And not 
exoeedJng 


On Premises 
assessed. 


£ s. d, 

9f 


£ 8, d. 

10 


£ «. d. 
n 


£ 8. d. 

3 6 


ff 


10 


16 


If 


8 9 


f» 


16 


30 


ft 


.060 


It 


20 


35 


ff 


6 8 


ff 


36 


80 


ft 


8 


ff 


30 


40 


ft 


11 


If 


40 


60 


ft 


14 



and 3^. for every additional rate of £10. 
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PUBLIO WORKS OF WATER SUPPLT, PRB8T0N. 

Ttrds. CortofPlpM. M : d, 

44 of d-in. iron pipes, including valves, 
fire-plugs, outlet-pipes, and all 

appurtenances, at Is. 7(1. . • . 3 8 

1,496 of d-in. ditto, at Ss. id 349 6 8 

821 of 4-in. ditto, at 4s. 9(1 76 4 9 

626 of 5-in. ditto, at 6« 187 10 

80 of 9-in. ditto, at 9s. 6(1. .... 14 5 



2,516 



£580 16 1 



Water Supply and iU Co^tfoT some Cities and Towns, from a Paper read to 
the British AssoeitUion at Leeds, in 1858, hy Dr. Strang, of Olasgow. 
Vide Builder,/or 1868, |). 658. 



TOWNS. 


Popnlatloii 
witUn 

bonndiof 
Supply. 


Dtily Supply. 


Supply 

for eaoh 

inhabl- 

teat 


Oortof 
UBdartaUng. 


DailT 
Suw3y 
loreTeiy 

£lez. 
pendfld. 


PrOSp6CtlV6 


London .... 


2,687,917 


Oallona. 
81,026,842 


Oallons. 
80-8 


7,102,828 


Galloiu. 
11-4 


GMdona. 


Paris 


1,100,000 


26,860,000 


24-^ 


800,000 


88* 


20.000,000 


Hunbnrgh . 


160,000 


6,000,000 


81-26 


170,000 


29-60 


• . 


New York.. 


718,000 


38,000,000 


89-27 


1,800.000 


15-6 


.. 


Manchester. 


600,000 


11,000,000 


22- 


1,800,000 


8-5 


14,000,000 


Liverpool .. 


600,000 


11,000,000 


22- 


1,640,000 


7- 


.. 


Leeds 


158,000 


1,860,000 


12- 


283,871 


7- 


• • 


Edinburgh . 


216,000 


4,800,000 


22*8 


466,000 


10-5 


2,000,000 


Aberdeen .. 


66,000 


1,200,000 


18-4 


60,000 


24- 


• . 


Dnndee .... 


96,000 


1,760,000 


18-2 


189,000 


12-5 


.. 


Greenock .. 


40,000 


2,112,600 


52-8 


90,000 


28-4 


.. 


Paisley .... 


48,000 


1,021,462 


21- 


60,000 


17- 


.. 


Glasgow.... 


420,000 


18,710,000 


89-8 


651,199 


26- 


20,000,000 



The cost of pumping varies with circumstances ; 
we believe that pumping engines cannot be put down at 
less than from £60 to £100 per horse power, dependent 
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on the size of the engine, although the Board of 
Health adopted a standard of £60 per horse power. 
For the town of Drogheda we estimated for two 
engines at £75 per horse power. The following in- 
formation has been furnished to us respecting the 
cost of the Waterworks, Cork, by Sir John Benson 
the engineer, who designed and carried out the works. 

CORK WATER WORKS. 



steam engine lOO-horse 
power. 



Two OO-hone power Tur- 
faines. 



Beservoirs — 

One of 3,600,000 gallons. 

One of 568,000 gaUons. 



Goit per head. 



VahiAtion standard per 
pound on the valuation. 

Yearly cost per five in- 
habitants. 



Water supplied. 



Direot acting Oomish Engine with 
three cylindrical flue boilers, includ- 
ing engine and boiler house, setting 
boilers, chinmies, &c., Ac, per horse 
power 



Two Turbines completed with four 11 
in. ram pumps on each, induding 
buildings, dstems, sluices, gates, 
screens, per horse power 



One reservoir on a leveLof 186 feet over 

weir 
One reservoir on a level of 360 feet over 

weir 



The inhabitants in 1861, 86,000. . 
The inhabitants in 1861, 100^000. 
City valuation, £1 13,000 



Distribution per house of eveiy five 
persons 

Quantity supplied, including manufac- 
tories, to one person per day 



£ 9. d, 
66 

44 
4,900 

16 3^ 
13 
Oil 7 

6 

30 gallons. 



The total estimated cost of engines^ including 
pumps^ engine houses^ wells, &c., for raising the 
London sewage, is £70 per horse power, and the 
annual cost £20 per horse power.* 

When coals are 10s. per ton, the cost of an engine 

♦ Main Drainage Beport, 1867, p. d9. 
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exceeding 100-horse power, single acting Cornish, 

working night and day, will be dBlO per horse power; 

when coals are 16*. per ton, the cost would be d613 

per horse power ; when coals are 20*. per ton, the 

cost would be d616 per horse power; when coals are 

26*. per ton, the cost would be £19 per horse power. 

These estimates have been given by Mr. Hughes, and 

include every expense of coals, wages, oil, tallow, 

materials for packing, cleaning, &c., but none for 

interest of capital or depreciation of machinery.* 

At Ely the cost of pumping is stated by a writer 

in the Builder to be as follows : — 

To pump one million gaUons 140 feet high, the old engine 
consumes — £ s. d. 

Four tons of coal, at 16«. per ton 8 4 

Oil, tallow, and packing Id 

Wages 9 

Total cost of pumping one million gaUons 4 5 

which gives Id. per 1,000 gallons pumped 140 feet 
high (not a very high price). 
The new engine requires — 

Five and a half tons of coal at 16« • 4 8 

Oil, tallow, and packing 1 10 

Wages 12 

Total cost of pumping one million gallons 140 feet high 7 
which is 65 per cent, more money than the old 
engine requires. 

While another writer in the same periodical states, 
that the cost of pumping 1,000,000 gallons with the 
old engine was £4 \%s. 8|rf., and with the new 
engine, £4 10*. 7rf. In the following table, arranged 
from information in Mr. Hughes' book,t the estimated 
cost of pumping engines for various works, English 
and American, is given : — 
* Main Drainage Report, 1857, p. 447. f Weale, London. 
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SSTDIATED COST OF ENGINES FOB FUlOINa, AND OTHEB INFOBXITTON. 



§ll. 

nil 



Wi 

^ Oil 



D«Mriptlon of Woifa, and Enginean' 

witti short dMorlptkm of engiiMS. 



i\ 



■aV 



Da^idk^B estimata for Urerpool Wotks, eselnriTe 

of koildingB — one engine and pumpa 

Ditto Two engines and pnmpa 

Ditto For one engine and pomp 

HomerBham, for Watford aapplj 

Forester ft Co.'s estimate for Uverpool ancles, 

one or two, ezoInsiTe of buildings 

Ditto ditto ditto 

Hnnr and Batamaa's astiinata, Wolverliampfam 

water Works 

Hanrer and West* s for ditto, azolvsiTe of buildings, 

84 tnoh <7Undar engine 

Ditto ditto 04 inch cylinder engine 

Ditto ditto 68 inch <7linder angina. . . . 

Messrs. Hawthoma for ditto, double power ezpan- 

sive oondensing beam engines, azdnslya of 

anginas 

Ditto 

Messrs. Ha>wfhoTne's high-pressure double acting 

horLsontal engines, to be raised in 6 hours 

Ditto to be raised in 9 hours 

Ditto to be raised in 18 hours 

Mr. Hocking's estimata for Wolrarhampton, single 

acting Cornish 

Ditto azdnsiTe of buildings 

Ditto to be raised in IS hours, by two 60 inch, 

two 46 inch, and one 86 inch cylinders 

Ditto axduslTe of buildings 

Mr. Quick's estimate, for Orand Junction Works, 
one 64, or two 46 inch (sylinder, single acting 

Cornish 

Ditto f or Sonthwark sad Vanzhall 

Ditto for West Middlesex 

Sandys, Ylvian ft Co., two engines for Liverpool, 

exduslTe of buildings 

Ditto one engine, exdudre of buildings 

Seaward and Capd's, for Wolyerhampton, exdusiTe 

of buildings 

West's estimate, 66 inch cylinder, exdnsiTa of 

buildings 

Ditto 60 inch cylinder, induding buildings . . 

Ditto exdusiTe of buildings 

Ditto raised in 6 hours, by a 86 inch cylinder 

angina 

Ditto exelnsive of buildings 

Ditto including duplicate engines 

Ditto 66 inch (^linder engine, induding 
buildings (7) 



AMERICAN ESTIMATES Am) WOSES. 

Vx. McAlpine*s, for Brooklyn, double acting, azpan- 
sire, Ugh-pressure, condensing enoine, 78 inch 

arlinder engine, to be raised in 18 hours, ex- 
usiTe of buildings 

Ditto non-oonoensing 80 inch cylinder engine, 
raised in 84 hours, exdusiTe of buildings 

Ditto in 13 hours, exdusiTe of buildings .... 

Ditto exdusiTe of buildings 

Ditto ditto 

Ditto Albany Water Works, 68 inch condens- 
ing beam engine, and one duplicate not con- 
densing, worldng for day only 

Ditto Chicago Woiks, as in laat. indnding 
buildings, 46 inch cylinder condensing engine 
and duplicate, as in last 

Ditto 48 inch 47lindar, fto. 



Y4{ 



W 

1! 
il 

6 
8 
6 

8 

1 

u 

i! 

i! 

1» 



}i{ 



76 
174 

800 

76 

814' 

864, 

806 
180 
140 



814 
168 

88 

88 
88 

600 
600 

600 
600 



76 

666 

814 
168 
168 

88 
88 
666 

814 



190 

190 
190 
190 
190 

1661 



107 
116 



600 

600 

76 

1899 

600 

76 

471\ 

1188/ 

459 
870 
810 



471 
844^ 

188 
106 
66 

760 
780 

1600 
1600 



880 
880 
880 

600 
76 



471 
8441 



188 
188 



471 



1960 

1086 

8800 

7600 

11,400 

6341 
476 



643 
606 



8470 

9660 

8400 

86,867 

9700 
8800 

86,400 

11,000 
7000 
6600 



6066 

8680 

1170 
780 
670 

80,800 
18,800 

88,600 
81,800 



7000 

7000 

10,000 

8000 

1800 

L»,oooJ 

6000 
7100 
6000 

4000 

8100 
88,800 

8400 



18,000 

8000 
89,000 
68,000 
86,000 

18,880 



11,868 
U,648 



186^ 
186-96 
15-78 



196-96 
16-78 

840-11 

96-69 
66-88 
44-19 



90-11 
61-46 

87-78 
88-78 
18-89 

167-88 
167-88 

816-66 
816-66 



48-40 
67-84 
48*40 

186-96 
16-78 

178^ 

90-11 
61-45 
61-46 

87-78 

87-78 

168*66 

99-U 



199i» 

799-66 

1699-88 

8886i» 

981-48 



186-10 
146^ 



•7-1 
78D 
916-4 
19»7 

7M 
908^ 

101-4 



11»9 
1884 
1471 



ai 



48-1 
84-8 
41-0 

181-8 
88-6 

108-8 
09^ 



144-8 
106-9 



68-4 
1141 

188-91 
189i>/ 

00-6 
186H) 
97-9 

166-5 
lU-O 



84-8 



46-0 

16-0 
48-7 
88-1 
85-4 

67-6 



79* 
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In Example 28, pages 39 and 40, we have pointed 
out the method of calculating the increase of horse 
power required in raising water through pipes from 
friction, and also the great increase of this extra 
head if the velocity increases ; the increase being 
nearly as the square of the velocity. In addition to . 
this, an allowance of horse power must be made for 
bends, curves, junctions, and other obstructions, for 
the effects of which see Section XI. The more 
slowly the water is pumped, the less will the loss be 
from these causes through the same pipe. It is 
therefore, so far, advisable to give as large a diameter 
to the pipes supplying a reservoir from a pumping 
engine as other aspects of the question, cost, and 
engine power, will admit. 

TQIOOTBSB OF PIPES FOR WATBB WORKS. 

It is evident that the thickness of a pipe should be 
at least sufficient to bear the pressure of the atmos- 
phere, and therefore the whole pressure in a pipe is 
best expressed by a determinate number of pressures, 
each equal to that of a column of water 33 feet high. 
If n be the number of such pressures, or the number 
of units each equal 33 feet high, d the diameter of 
the pipe in inches, and t the thickness, also in inches, 
we shall have for 



fA). 



1. Iron pipes, plate . • • . 

2. Iron pipes cast horizontallj 
8. Iron pipes cast vertically 

4. Copper pipes, plate . . 

5. Lead pipes 

6. Zinc pipes 

7. Artificial stone • . . 



= -0009n(l+ -18. 

= -0024nd+ -88. 

= -0016nd+ -83. 

= -0016n<i+ -16. 

= -0024nd+ -19. 

=:'0061nd+ -16. 
=5 -0054114+ 1-60. 
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For cast-iron pipes the engineer of the Paris water 
works, M. Dupuis, adopted in his practice a formula 
which is equivalent to 
(B.) <=0016wrf+-32 + -013rf 

in the foregoing measures. This formula may also be 
expressed as follows : — 

(C.) ^ = (-0016n + '013)rf + -32. 

If d be 12 inches^ and n = 9, corresponding to a pres- 
sure of 297 feet, we shall find from the last equation, 
7=(-0144+-013)&<12+-32=-3336+-32=-6536inch. 
All pipes should however be proved with ten atmos- 
pheres, or 330 feet, and in practically applying the 
above formulae in equation (A), for finding the 
thickness of pipes, the value of n should always have 
10 added to it. Hence, applying formula (A), No. 3, 
to our example, we get r=0016xl9 x 12-|--32 = 
•6848 inch, which is the same practically as found 
from equation (C)* 

8BWERAGB COST. 

As for water works, the minimum rain-fall of a 
district should be calculated upon, so the maximum 
fall must be considered in sewerage and drainage. 
We have already shown, page 305, that for a popu- 
lation of 80 persons per statute acre, and a dis- 
charge of two-fifths of an inch in eight hours, 
sewers should be calculated to discharge about 3i 
cubic feet per minute, the rain supply being ^bout 
seven times the house supply, or sewage, including 
house water supply. Instances are quoted in which 
the discharge, after a heavy rain-fall, amounted to 
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20i cubic feet per minute per acre, as in the Savoy- 
street sewer, which of course was principally sur- 
face water, as the sewage of 80 persons at 7 cubic 
feet per person, one-half of which, if discharged in 

80 X 7 
eight hours, would only be g ^ = 35 cubic feet 

35 
per hour, or g^ = -59 feet nearly per minute, which 

is only about the thirty-third part of 20i feet. In 
other words, the storm waters were thirty-three times 
the amount of house sewage. It would be waste to 
provide drainage for so much surface water con- 
sidered in itself, where it can be passed off from 
the surface channels. But sewage is not water, 
and it is essential, in the greater number of cases, 
that sewers should be flushed occasionally. It is 
absurd to calculate the size of sewers, as if the 
sewage matter were thoroughly diluted or passed 
off like water. In fact, the sewage in part lies at 
the bottom of the sewer, or is deposited there in 
nine cases out of ten, while the house supply of 
water passes ofl and escapes over it, removing only 
diluted and detached portions. It is, therefore, of 
importance, where artificial flushing and cleansing 
out are not provided, that storm waters should oc- 
casionally pass through and flush a system of sewers, 
particularly the main or arterial lines. An engineer 
must be guided, in calculating the dimensions, &c., 
of main sewers, by the circumstances of each case. 
The inclinations to be obtained, the form of the 
bottom or invert, the rain-fall, the amount of sewage 
which will not affect the size to any considerable 

z8 
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extent, the material and the cost consistent with 
permanency. 

The discharging power of a water channel is more 
than doubled by increasing its dimensions by one- 
third; and it is increased in the proportion of 5*7 to 
1 by doubling the dimensions. By giving four times 
the fall, the same channel will only double the 
discharge. Now a pipe 2 feet in diameter with a 
fall of 1 in 200, would discharge fully 1000 cubic 
feet of water flowing full with a velocity of 5-4 feet 
per second: at 3 J cubic feet per minute per acre, for 
a population of 80 to the acre, the thoroughly diluted 
sewage of 280 acres would be passed oflf by one such 
pipe ; that is, the sewage from 20,400 persons, on 
280 acres, and also two-fifths of an inch of rain 
falling for eight hours, can be conveyed by a 2 
feet pipe, with a fall of 1 in 200. But as this rain 
supply is about seven times the house supply, passing 
2i feet off per person in eight hours, made up of 
faeces and used-up water supply. It is apparent 
that such a pipe would convey about eight times the 
sewage alone of the district, if flowing as water ; but, 
under any circumstances, would be abundantly large 
for the duty, even when assuming the whole quantity 
to pass in at the upper end. For a fall of 1 in 800, 
two such pipes would be required, or one pipe 32 
inches in diameter ; for a fall of 1 in 3200, four 2 
feet pipes would be required, or one pipe 3 feet 6 
inches. 

' House drains should not be less than 6 inches in 
diameter, and should have facilities for being cleaned, 
either by using half-flange joints, or by having a 
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moveable upper segment. The inclination for these 
drains should be uniform, but the amount is not so 
important as some appear to think, if proper provi- 
sion be made for cleaning. Where flushing is used, 
cast-iron pipes are the best, but they are also the 
most expensive. House drains of brick with a v 
tile bottom covered with flags or bricks are perhaps 
the best, as the capacity can be considerably aug- 
mented by adding to the height of the sides, and they 
can be at all times easily opened and cleaned. If 
inclinations from 1 in 50 to 1 in 20 can be had, so 
much the better. The following items as to cost 
have been selected from the Builder : — 

COST OP BE WEBS, VEWPORT, MONMOUTHSHZBB. 



Total 
lengths. 


Average 
depths. 


Sises of sewers. 


Thick- 
nesses. 


Oosk 
per foot 
UneaL 


1,822 ft 


15 ft. 6 in. 


ft in. ft in. 
4 6 by 8 6 


9 in. 


i. d. 

11 8 


2^17 ft. 


13 ft. in. 


4 6 by 8 


9 in. 


10 li 


6,110 ft 


12 ft in. 


8 by 2 2 


9 in. 


7 7i 


12,854 ft 


11 ft. 8 in. 


8 by 2 2 


6 in. 


5 8} 


1.968 ft 


9 ft. 8 in. 


2 6 by 1 10 


6 in. 


4 7 


9,668 ft 


10 ft in. 


2 6 by 1 10 


4Jin. 


3 8i 


600 ft 


10 ft 2 in. 


2 8 by 1 9 


4iin. 


8 6i 


8,264 ft 


8 ft. 6 in. 




4iin. 


2 4t 



COST OF SBWBRS AND PIPES IN PRBSTON. 

The following extract from the recently published 
summary of public works executed during the year 
ending April 30th, 1859, contains some useful infor- 
mation : — 
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Yards. £ $, d. £ 9. d. 

60 of Brick Sewers, dft 6iiL diar 

meter, at 7« 31 

538 8ft. by 2ft., at 17«. 6d. 470 14 8 

294 8ft. 6in. by 2ft. 4m., at 28s 412 12 11 

872 8ft. 9in. by 2ft. 6m., at 28a.... 620 16 

. 250 4ft. Sin. by 2ft. lOin., at 41«. 9d. . 521 16 8 

56 4ft. 6in. by 8ft., at 75«. 7d 211 18 4 

66 4ft. 6m. diameter, at 40t. 9d 184 9 6 

2,298 a 8 

1,678 

42 of Castriron Sewer, 2ft diameter, 

at86« ^ 75 12 

22 of Earthenware Pipe Sewer, 6in. 

diameter, at 4« 4 8 

1,129 9in. diameter, at 7s. 6d 418 18 5 

565 12in. diameter, at 8s. 9i 247 2 9 

88 15i]i. diameter, at lis. Sd 49 10 

98 18i]i. diameter, at 13s 63 14 

145 21in. diameter, at 18s. 6d 184 2 6 

n 917 10 8 

2,047 

Total, including superintendence, also man-boles, 

street gullies, and all appurtenances £8,286 5 4 



TABLE $h4W%ng the prices of Tubular Drains as made by the Board of Health 
in 1852, fifty per cent, being added for profit, dbc, ; and the sale prices in 
the market. 



terin 
InehM. 


Lengtbi. 


Redeftrihen- 
ware pifiet 
nuule b/ the 


Redp^ 
at 


glased at 
Satoprioea. 


Aanimedgidii. | 


On 

red wave 

pipea. 


OTWfflaMd 
fltonewara 






£ s. d. 


£ s. d. 


£ s. d. 


£ s. d. 


£ S. d. 


6 


For 1.000 feet 


6 15 


20 16 8 


25 


14 1 8 


18 5 


6 


FDr.l.OOOfeet 


9 14 


20 


29 8 4 


16 6 


19 4 





For 1,000 feet 


15 1 6 


37 10 


50 


22 8 6 


34 18 6 



Did the Board of Health here' add the cost of their own 
establishment and staff to the cost of production ? ThemBnu&o- 
torer must surely live. 
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BSmCiLTB roB 


SSWEBS AT BBIOHTOK. 




DlWilllfTIOM OV BMWEBMm 


LflBgUiiajBda. 


Wo* 


^ 


Brick Sewert:— 

Diameter. 
6ft. 


4,850 
850 
8,090 
1,800 
2,820 
8,580 


22,480 

58,806 

2,010 


£ «. 
8 10 
2 10 
2 8 

2 2 
1 16 
18 

18 6 
10 

£ «L 

7 

8 

20 
4 

3 10 


£ •. 
16,075 
875 
9,600 
8,969 
5,076 
7,722 

6,389 11 
22,215 

5,250 
3,780 

12,000 

2,400 

10,500 

5,000 

11,178 9 


4ft 6iii 


4ft. 6in. by 8ft 


8ft, Oin. by 2ft. 6m 

8ft. by 2ft. 


2ft. Sin. by 1ft. Bin 

Total brick HAWfirH 


Earthenware Pipe Sewen :— 

15 inches diameter 

13 „ 
Total earthenware pipe sewers . 

CoM^ircn Pipe Sewen :— 
8in. diameter 


0,466 
44,4;)0 


750 
1,260 


lft.6in. „ 


Total cast-iron pipe sewers .... 

Total length of sewers 

Or 44 miles 956 yards. 

Man-holes andyentilating shafts 

Lamp-holes 

Gulhes 

Outlet works, overflows, and ex- 
tra work on steep gradients, 
&o 

&c. of existing sewers, 10 per 
cent. 

Total • 




78,886 

Number 

600 

600 

8,000 


122,980 





The following estimates have been made for lay- 
ing pipes at Tottenham, not including their cost : — 



Diameter 

of pipe 

in inches. 

6 



Id 



Depth 
6 feet. 

Sid. 

9id. 

Hid. 



Deptli 
8 feet. 


Itopth 
lOftet 


Ud. 


lid. 


Uid. 


Uid. 


Uld. 


U^d. 



The cost of laying alone at St Thomas's^ Exeter^ 
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6 inch pipes 5d. per foot lineaL 8 to 4 feet deep. 
9 „ 6d. „ 8 to 4 feet deep. 

12 „ Sd. „ 6 feet deep. 

15 „ 9d. „ 6 feet deep. 

18 ,, lid. „ 5 feet deep. 

2d. per foot lineal for relaying pitching ; 4d, for macadamized 
roads ; and Qd. for pavements. 

The author has constructed a large quantity 
of main sewers, from 18 inches to 2 feet and 2 
feet 6 inches wide^ and 4 feet 6 inches high; the 
side walls built with rubble masonry, 9-inch seg- 
ment inverts laid with 4i-inch courses in cement ; 
the top sometimes flagged, when flags of sufficient 
length could be procured, and sometimes arched 
with rough rubble arches. The invert was laid 
on, well bedded, well rammed, rubble to prevent 
subsidence, and preserve the bottom inclination 
uniform, ^e cost, at an average depth of about 
9 feet, was 9*. per running foot, the side walls 
being about 18 inches thick. Upright side walls, 
where rubble is cheap, have many advantages 
in giving a considerable increase of capacity for a 
small outlay. The tenement and house drains were 
of earthenware pipes. Cast-iron gully grates and 
traps, weighing 3 cwt., cost 30«. each; the grate 
fastened by a wrought-iron chain. 

The following regulations have been laid down 
for Cambridge and Carlisle : — 

STIPULATIONS FOR CAMBRIDGE DRAINAGE. 

*' Water from the rear of premises should not be conveyed to 
the front under the basement floor. 

" Rain-water from the roofs should not be conveyed into the 
basement, but conducted into the sewer by shallow drains. 
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" Gastrlron pipes may be used for basement drains in some 
instances. 

" The scullery sink should be kept as high as possible, and 
approached by a step. A flap ta^p should be fixed between the 
sink and sewer. 

" There should be no water-closet on the basement floor ; if it 
cannot be arranged elsewhere, the soil*pipe should have a flap 
trap, or similar contrivance, to prevent the influx of sewage 
water." 

FOR CARLISLE DRAINAGE, 

" SnpuLAnoN 1. — If water-closets are to be generally used, 
the description of such to be sanctioned by the Board, the same 
to be fixed to the satisfaction of the Surveyor. 

" 2. — All down-spouts to be connected with the sewers where 
it may be proper to connect the same ; in all cases where they 
are not connected with the sewer they are to be connected widi 
the channel. 

" 8. — All stench traps to be similar to samples furnished by 
the Surveyor, or others approved by him, and properly fixed to 
his satisfaction. 

'' 4. — ^All sewers to water-closets not. to be less than six inches 
diameter. 

'< 5. — ^All sewers to yards, stables, kitchens, and sculleries, not 
to be less than four inches diameter. 

" 6. — ^In every case the whole of the fall to be made available 
from the junction with the main sewer to the end of the private 
drain, that is to say, only one inclination to be used from the 
junction with the public sewer to the end of the private drain ; 
and all branches from the private drain to sinks, water-dosels, 
&c., to have one inclination from the junction of such drain. 
None of the above instructions to be departed from without the 
express sanction of the Surveyor. 

" 7. — In no case must a private drain be put in with a less fall 
than one in fifty, without the sanction of the Surveyor. 

" 8. — ^No pipes, water-closets, stench traps, gullies, kitchen 
sinks, bends, junction or tapering pipes, to be used without 
being approved by the Surveyor. 

" 9. — All ash pits and dung dep6ts to be raised to the level of 
the fiidjoinilng ground, to be properly paved and drained as the 
Surveyor may direct 
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" 10. — ^All buildings, outhouses, Ac, to be properly spouted, 
and the water conveyed into the sewers where approved of by the 
Surveyor." 

THOROUGH LAND DRAINAOB. 

The following instructions and general specifica- 
tions, have been prepared by the Commissioners of 
Public Works in Ireland, for the use of the District 
Inspectors, and persons reporting on thorough- 
drainage. The drains are made in general parallel, 
and to suit the fall of the ground. The depths must 
alter in order that the bottoms should have an un- 
interrupted fall, and may vary from 2 feet to 4 feet 
6 inches in practice, averaging, say about 3 feet 
6 inches, but dependent on circumstances. The 
portions printed in italics are from specifications 
prepared by officers of the Board, and are varied 
according to each particular case : — 

GENERAL OBSEBVATIONS. 

" No drainage works should be undertaken until it has been 
dearly ascertained that the surface level of tho maximum floods 
in the main drain can be discharged at a level that wiU admit of 
the submain drains venting the waters from the lowest point of the 
lands proposed to be thorough-drained, at a level sufficiently below 
the surface of such land, that the highest floods shall not prevent 
the free discharge of such submain. 

*' When sufficient out-fall can be obtained, no open main drain 
should be of a less depth than Ave feet, and in all cases a greater 
depth is desirable, in order to insure a permanent and efficient 
drainage, and at the same time ta prevent cattle, &c,, from 
crossing. 

" As it has been found by practical experiments on different 
varieties of soils, that deep drains, say from four to ^\e feet deep, 
are more effective than shallow ones: they should always be 
estimated for, when the open main drains admit of their being 
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cut to that depth, or when, by a moderate outlay per acre, the 
main drains can be cut to a sufficient depth ; the distance be- 
tween the parallel drains must necessarily vary with the texture 
of the soil, — ^forty feet may be taken as a general rule. 



OPRN MAIN DRAINS. 

" Main drains should have gradients of such inclination, and 
be sunk to a depth that will admit of the above stipulations, as 
to the discharge of the submain drains being carried out They 
should have such width at bottom and side slopes as may be 
necessary ; and be free of sharp angles, projecting stones, and 
other impediments to the quick discharge of the waters. 

'' The spoil or material raised in sinking and improving the 
drains, where not available for filling up useless holes or drains, 
should be removed to a proper distance from the edge of the 
main drains, and dressed off in a workmanlike manner. 

" The abutments and piers of auch bridges as have sufficient 
breadth of water-way, should, if necessary, be carefully under- 
pinned; and those bridges which are insufficient to discharge 
floods, should be taken down and rebuilt of suitable dimensions. 



COVERED MAIN DRAINS. 

" Whenever, from the nature of the lands, the extent of the 
district under drainage, and the quantity of water to be voided, 
it may be necessary to form covered main drains to receive the 
water discharged from the submains, their dimensions must be 
proportional to the amount of water to be voided, well flagged or 
paved at bottom, the sides built of stone or brick, and covered 
with a flag or arch at top. 



SUBMAINS. 

" The submains to be of such depth and width at top and bot- 
tom as may be necessary. The fall in each to be as great as the 
above-described main drainage of the district will allow, and not 
to be allowed to run beyond a suitable length without discharging 
itself into a covered or open main drain. 
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THE MINOR DRAINS 

" To be of snch depth, width at top and bottom, and at such 
distance apart, as will secure the perfect drainage of the land, to 
be run in a straight direction parallel to each other, directly up 
and down the declivity, unless where the declivity happens to be 
veiy steep, and then to be carried across the fall at such an angle 
as to secure a free discharge for the water. The fall in each 
minor drain to be as great as the main drainage and submain 
drainage, previously described, will admit. 

" In filling in the stones, great care should be taken that the 
bottom of the drain be clean, and that no clay or dirt be put in 
with them ; a sod, grass side down, or a few inches of tough clay, 
to be placed on the surface of the stones, and trodden firmly. 
The drain should then be filled up with the stuff previously sho- 
velled out, observing to keep the active soil for the top. The 
putting in of the stones to be commenced at the highest part or 
head of the drain. 

« In using draining pipes or other tiles, care should be taken 
that they be laid firmly on the bottom for their entire length, so 
as to prevent them being deranged by the filling of the drain, and 
that the points be fitted as closely together as possible. 

" In cases of unfavourable ground, caused by running sand or 
otherwise, whereby the level of the conduit might be deranged, 
collared pipe tiles offer considerable advantages in the way of 
remedy. 

" When gripes may be necessary on the sides of farm roads, 
they should be on the field side of the fences." 

SPECIFICATION FOR MAIN DRAINAGE. 

OPEN MAIN DRAINS. 

" The deepening and improving of the main drain. No. — , 

is to be commenced at the point on the accompanying map, 

and from thence a gradient carried up to the point , having 

an inclination of at least feet per statute mile, and sunk to 

the depth of feet. It shall be feet wide at bottom, and 

the side slopes shall average at least, unless in rock cutting, 

when the side slopes may be diminished to six inches to one foot; 
aU sharp angles, projecting stones, and other impediments to the 
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free discharge of the water, must be carefully removed. The 
spoil or material raised in sinking and improving the drain, when 
not immediately used for top-dressing the adjoining lands, or for 
filling useless holes or drains, is to be removed to a distance of 

feet from the edge of the main drain, and dressed off in a 

workmanlike manner. 

*' The bridge marked at the point on the accompaQying 

map to be . 

" The whole to be executed in a proper and workmanlike manner, 
and the works to be maintained in good .oi'der for so long as any 
interest shall be payable for the money advanced on account of its 
execution." 

SPECIFICATION FOR THOROUGH-DRAINAGE 
(WITH TILES). 

COVERED MAIN DRAINS. 

" These shall be cut Jlfty-four inches deep, thirty-six inches wide 
at top, twenty-four inches wide at bottom ; the materials used in 
them shall be double row of three-inch pipe tiles. 

" The side walls shall be inches in height, inches 

thick, and well at bottom. They shall be covered with a 

flag not less than in thickness. 

SUBMAINS. 

" These shall be cut fifty inches deep, thitty inches wide at top, 
eighteen inches wide at bottom. They shall be carried along the 
low side of the fields, or portions of land to be drained, at a dis- 
tance from the fence of fifteen feet, and through natural hollows 
where necessary. No submain to be allowed to run beyond a 
length of two hundred yards without discharging itself into a 
covered or open main drain. 

MINOR DRAINS. 

" These shall be cut forty-eight inches deep, giaeteen inches wide at 
top, ^w inches wide at bottom, and at a distance of forty feet 
apart. They shall be run in a straight direction, parallel to each 
other, directly up and down the declivity (when possible). No 
minor drain to be allowed to run beyond a length of t%oo hundred 
yards without discharging itself into a submain. 
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FILLINa IN. 

" All the drains (or a large number of them) having been opened 
and cut in a workmanlike manner, and it being ascertained that 
no water is standing in any of them, the filling in may be com- 
menced. 

MINOR DRAINS. 

" Into each minor drain shall be put pipe tiles twelve inches in 
length, one-and-a-half inch in the ope, for one hundred yards, com- 
mencing from the upper end of the drain, and pipe tiles twelve 
inches in length, one-and-three-quarter inch in the ope, in con- 
tinuation from thence to the submains. 

SUBMAINS. 

" Into each submain shall be put pipe tiles twelve inches in length, 
two inches in the ope, for one hwndred yards, commencing from the 
upper end of the drain, and pipe tiles twelve inches in length, three 
inches in the ope, in continuation to the end or point where they 
discharge themselves. 

GENERAL RULES. 

" All tiles to be of good sound material, and well burned. The 
tiles shall be laid firmly on the bottoms of the drains for their 
entire length ; the joints fitted as closely as possible, they shall 
be carefully covered with a thin grassy sod or screen. The stuff pre- 
viously taken out of the drains shall then be returned, observing 
to keep the active soil uppermost 

" The mouths of the covered main or submain drains shall be 
built about with solid masonry set in mortar, carried up with the 
same slope as the sides of the open main drain, into which they 
discharge themselves. 

*' Before laying the tiles, great care must be taken that the 
bottom of the drains be clean. The putting in of the tiles to be 
commenced at the highest point or head of the drains. 

" In case of an entire field being thorough-drained, a drain 
shall be cut at the top of it, parallel to the fence, and running at 
a distance from it equal to one-half of the distance between each 
of the minor drains, into one or more of which (as may be neces- 
sary) it shall discharge itself. The remainder of the minor 
drsdns to be discontinued at a distance from this drain equal to 
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one-half the entire distance between each of the minor drains ; 
this drain to be of the same dimensions, and filled with the same 
materials, and in like manner, as the above described. 

** No open drain shall run into a closed one. 

'' In passing through unfavourable ground, caused by running 
sand or otherwise, whereby the level of the conduit might be de- 
ranged, and where pipe tiles are the materials used for forming 
the conduit, collars must be used, so as to coimect the ends of the 
tiles, and they must be fitted as closely as possible. 

" Soles must, in all cases, be used when laying single D tiles, 
and they must be so laid that the ends of the tiles shall rest 
equally on them ; when inverted D tiles are used, they shall also 
be connected from end to end by placing one-half of the upper 
tiles on one-half of the adjoining tiles below them. 

" The whole to be executed in a proper and workmanlike 
manner ; and the work to be maintained in like good order as 
when approved of at its completion, for so long as any interest 
shall be payable for the money advanced on account of its 
execution." [Collar$for up to ^4neh pipes can be had at the Florence 
CouH TUery.] 

SPECIFICATION FOR THOROUGH-DRAINAGE (WITH 
BROKEN STONES). 

COVERED MAIN DRAINS. 

" These shall be catforty-ttoo inches deep, thirty inches wide 
at top, twenty-four inches wide at bottom ; the materials used in 
them shall be . 

" The side walls in them shall be twelve inches in height, six 

inches thick, and well at bottom. They shall be covered 

with . 

ST7B1CAINS. 

" These shall be cut forty-two inches deep, eighteen inches 
wide ot to^, fourteen inches wide at bottom. They shall be car- 
ried along the low side of the fields, or portions of land to be 
drained, at a distance from the fences of thirteen feet, and 
through natural hollows, where necessary. No submain to be 
allowed to run beyond the length of one hundred and fifty yards, 
without discharging itself into a covered or open main drain. 
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XmOB DBAIK8. 

" These shall he cut thirtysia inches deep» Ji/teen inches wide 
at top, /our inches wide at hottom, and at a distance of twenty- 
nx feet apart. They shall he run in a straight direction, parallel 
to each other, directly up and down the declivity (when possible). 
No minor drain to be allowed to run beyond a length of two 
hundred yards without discharging itself into a submain. 

FHXINO IN. 

" All the dnuns (or a large number of them) having been 
opened and cut in a workmanlike manner, and it being ascertained 
that no water is standing in any of them, the filling in may be 
commenced. 

HINOB DRAINS. 

" Into each minor drain shall be put ten inches of broken 
stones in depth, the stones having been broken to a size not ex- 
ceeding two-and-a-half inches in diameter. Great care should be 
taken that the bottom of the drain be clean, and that no clay or 
dii*t be put in along with the stones ; a sod (or clay, as may be 
convenient) three inches thick shall be placed carefully on top, 
and the whole trampled upon or rammed hard. The drain shall 
then be filled up with the stuff previously shovelled out, ob- 
serving to keep the active soil for covering the top. The putting 
in of the stones shall invariably be commenced at the highest 
part or head of the drain. 

FILLING IN SUBICAINS. 

" In each submain a conduit shall be formed of six inches in 
height, /our inches wide, and the filling in completed as above 
described. 

GENERAL RULES. 

*' The mouths of the covered main or submain drains shall be 
built about with solid masonry set in mortar, carried up with the 
same slope as the sides of the open main drain into which they 
discharge themselves. 

" Before filling in the stones, great care must be taken that the 
bottom of the drains be clean, and that no clay or dirt be put in 

A A 
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along with ihem. The putting in of the stones to be commenced 
at the highest part or head of the 'drains. 

" In case of an entire field being thorough-drained, a drain 
shall be cut at the top of it, parallel to the fence, and running 
at a distance from it equal to one-half the distance between each 
of the minor drains, into one or more of which (as may be 
necessary) it shall discharge itself. The remainder of the minor 
drains to be discontinued at a distance from this drain, equal to 
one-half the entire distance between each of the minor drains ; 
this drain to be of the same dimensions, to be filled with the 
same material, and in like manner, as the above described. 

'' No open drain shall run into a closed one. 

" The whole to be executed in a proper and workmanlike man- 
ner, and the work to be maintained in like good order as when 
approved of at its completion, for so long as any interest shall be 
payable for the money advanced on account of its execution." 

One of the officers of the Commissioners of Public 
Works, Ireland, the Inspector of Drainage for Ros- 
common, a gentleman residing in that county, writes 
to me as follows, with reference to tile and broken 
stone drains on the carboniferous formation : — 

" With respect to tile drainage my experience has 
not been very extensive, as the proprietors of the dis- 
trict, with scarcely any exception, give a decided 
preference to broken stones ; but from what I have 
seen, I am very much inclined to prefer good well- 
bumt pipes to any other draining material, provided 
that collars be used, but not otherwise. As to the 
best diameters, I have found the li' collared pipes 
of the Clonbrock Tile Works (now closed) very satis- 
factory; but when the length of minor drains ex- 
ceeded 100 yards, I should like an increase to li or 
li For submains (say 150 or 180 yards long) I 
have recommended pipes of 2 inches, 2i, and 3 
inches in succession, all of which were to be had 
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with collars : if 4-inch, pipes were to be had with 
collars, I should have recommended longer submains. 
The larger-sized pipes are not provided with collars 
in our present tileries, and on this account I generally 
put a note on the margin of the printed fann, sug* 
gesting that a stone duct of the ordinary size of 
syJbmainy say 6 inches in height and 4 inches wide^ 
be substituted for the tUe filling. 

" I decidedly prefer an open duct to broken stone 
filling; and in nine-tenths of my own drainage I 
have made the minor drains on the same plan as the 
submain, with an open stone conduit ; the only di£Fer- 
ence being, that the minor drains are a few inches 
shallower, with a smaller duct The increase of 
expense is a mere trifle, and when the substratum (as 
very frequently occurs here) is a fine calcareous gravel, 
containing 40 to 60 per cent, carbonate of lime, the 
additional spoil is a very cheap fertilizer for the land. 

" With respect to depths and distances apart, the 
two most commonly used in my specification are 
3i feet deep, 33 feet apart, — and 4 feet deep, 42 
feet apart. These arrangements will not suit all 
cases, and I vary accordingly. Thus, in one case 
of exceedingly retentive land of peculiar texture, 
4 feet drains, 27 feet apart, produced the required 
result, while in another, 3i feet drains, 66 feet apart, 
e£Fected all that was required. In the latter case 
there was a mixed soil, which might be described 
as " half wet ;'' yet the water lingered sufficiently 
long to make the land unsound for sheep, and greatly 
to injure the crops in quality as well as quantity.'* 

Mr. Josiah Parkes says, in 1843 : — ^^ Experiment 

aaS 
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and experienoe hare rapidly induced the adoption 
of a system of parallel drains, considerably deeper, 
and less frequent, than those commonly advocated 
by professed drainers, or in general use. I gave 
several instances of this practice in Kent in the 
Report of last year, 1843, already alluded to, and 
it is rapidly extending. Mr. Hammond stated to 
you that he drained ' stiff clays 2 feet deep, and 24 
feet between the drains, at £3 4«. Sd. per acre, 
and porous soils 3 feet deep, 33^ feet asunder, at 
£2 5^. 2d. per acre.' I now find him oontinuing 
his drainage at 4 feet deep, wherever he can obtain 
the outfall, from a conviction founded oa the ex- 
perience of a cautious progressive practice as to the 
depth and distance, that depth consists with economy 
of outlay as well as with superior eflFect. He has 
found 4-feet drains to be efficient, at 50 feet asunder, 
in soils of varied texture — not uniform clays — and 
executes them at a cost of about £2 5^. per acre, 
being 18^. 4d. for 871 pipes, and £1 &s. 6d. for 
63 rods of digging. Communications have been 
recently made to me by several respectable Kentish 
farmers, of the satisfactory performance of drains 
deeply laid in the Weald clays, at distances ranging 
from 30 to 40 feet, but I have not had the oppor- 
tunity of personally inspecting these drainages. 

" The following little table shows the actual and 
respective cost of the above three cases of under- 
draining, calculated on the eflFects really produced, 
that is, on the masses of earth effectively relieved 
of their surplus water at an equal expense. I con- 
ceive this to be the true expression of the work 
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done, as a mere statement of the cost of drainage 
per acre of surface conveys but an imperfect, in- 
deed a very erroneous, idea of the substantive and 
useful expenditure on any particular system. This 
will be apparent on reference to the two last columns 
of the table, which give the cost in cubic yards and 
square yards of soil drained, for one penny, at the 
above mentioned prices, depths, and distances. 



Depth of dniiu, 
infaet . 


DlBtanee 
between the 
4i«iiu,infeet 


HMt of BOU 

drained per acre, 
in onbio yards. 


Haas of soil 

penny, in eabio 
yards. 


Surf aee of aoil 
drained for one 
penny, in square 
- .yards. 


2 
8 

4 


'24 

88} 

60 


8226} 

484Q 

6458 


4-1 
8-98 
12-00 ' 


, 6-27 

8-l» 

' 8-96 



" I may here observe, that Mn Hammond, when 
draining tenacious clays, chooses the month of 
February for the work, when he lays his pipes 
(just covering them with clay to prevent crumbs 
from getting in), and leaves the trenches open 
through March, if it be drying weather, by which 
means he finds the cracking of the soil much accele- 
rated, and the complete action of the drains ad- 
vanced a full season. The process of cracking may, 
doubtless, be hastened both by ^ choice of the 
period of the year in which drains are made, and 
by such a management of. the surface as to expose 
it to the full force of atmospheric evaporation.'* 

With reference to drains, we have known a case 
in the Queen's County in which inch pipes had to 
be taken up, and pipes of 2i-i|ich bore substituted. 
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The drains were 40 feet apart, and 4 feet deep, and 
the pipes had collars. The minor drains should 
discharge into submains at convenient distances, 
say 100 yards, on flat grounds. Small pipes will 
choke unless the velocity in them be sufficient to 
carry oflF deposits, and the diameters should vary 
according to the inclinations of the ground, and 
distance apart of the drains. 

Mr. Mechi, in 1844, lays down the following 
rules : — 

" 1st. — That it is not the size or form of the drains 
that regulate perfect drainage ; but the depth at 
which they are placed. The depth also governs the 
distances at which the drains should be cut accord- 
ing to the quality of the soil. 

" 2nd. — The pipes of 1-inch bore, without stones, 
are amply sufficient, placed at 4 feet deep and 30 
feet wide in dense soils, and the same depth and 50 
feet wide in mixed soils. 

'* 3rd. — The deep drains receive more water than 
shallow ones, and consequently lay dry a greater 
extent of ground. 

"4th. — The deep drains begin and end running 
sooner than shallow ones, and carry o£F more water 
in a ^ven time. 

"5th. — ^That where shallow drains are made and 
deep ones cut below them, the shallow ones no longer 
act, all the water passing to the deeper drains. 

" 6th. — ^That when round stones are used as well as 
pipes, the latter should always be placed at the 
bottom, as I find, practically, water flows more 
quickly through pipes than amongst stones. 
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** Before persons begin draining J wonld recommend 
their perusing attentively the facts developed by 
Mr. ParkeSy at pages 39 and 40, and my remarks at 
page 36 of Letters on Agricultural Improvements. 

" Pipes made to socket into each other (by Ford's 

TABLE showing a Return of the number of Acres thorough-drained 
in the years 1843 and 1844, by the different Competitors for 
Sir Richard O'DonnelVs Gold Medal, together with the Average 
Prices per Perch, and Cost per Acre respectively, (Given in 
Reports to the Royal Agricultural Improvement Society of Ireland,) 



Ooinpfltiton. 


Number 

of sUtnta 

•ore.. 


NvnlMr 

of 
•tetato 
perohea. 


ATamge 

price per 

•tetate 

peroh. 


Ayerage 
eere. 


Ooflttofhe 
teneati. 


Bale of wages 
per day and 
bytaakwoik. 


Marquess ofWaterford 


A. m. p. 
501 2 15 


66,'0OO 


Od.in 
1842, re- 
ducedto 

6id.m 
1845. 


£6 in 
1842, re. 
duoed to 
£92s,Sd, 
in 1845. 


6 per cent. 

charged to 

the rent. 


•• 


Viscount Templetown 


564 25 


54,851 


4.\d, 


£1 14 4 


^500 


• • 


Sir RO'Donnell, Bart 


661 


53,478 


4d. 


1 12 4 


408 6 


Sd. a day. 


The Earl of Caledon . 


821 19 


47,188 


4td. 


2 5 


806 


lOd. to It. a 
day. 


J. L. W. Naper, Esq. . 


254 1 20 


84,433 


w. 


5 8 8 


700 7 4 


7d. a day 
in Winter, 
andlO(i.in 
Summer. 


LordBlayney . • . 


201 2 80 


84,634 


6d. 


8 12 


427 18 


lOd. to It. a 
day. 



TABLE showing a Return of the number of Acres, thorough'drained 
by Proprietors, for the Society's Gold Medal, and the Average 
Prices per Perch and per Acre respectively. 



The Earl of Erne . . 


A. B. p. 

110 37 


' p. 


, , 


M •, d, 
8 12 3 


• . 


,, 


Lord Dufferin and 
Glanboye .... 


208 1 


20,478 


lOfd. 


6 11 


, , 


It. per day. 


Messrs. Andrews . . 


117 1 4 


16,614 


Old. 


5 15 


• . 


18<f.perday. 


Dr.OIJ^em . . . . 


115 12 


•• 


•• 


2 16 8 


•• 


7(2. to 8<i. a 
day. 
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Patent Socketing Machine) are best adapted to loose 
or mixed soils/' 

Pipes laid, however, too near the surface, are 
frequently choked with the roots of plants. The 
principal advantage of submains alongside open 
mains is, that the mouths of the minor drains 
should not be choked from vegetation, and that the 
water from them, flowing into and taken up by this 
submain, may be discharged by a few apertures 
only, and thereby keep themselves open, or as much 
so as. the nature of the case will admit. The fore- 
going tables show the cost per statute acre, in 
Ireland, of thorough-drainage, which must vary with 
circumstances, locality, and the value of labour. 

The average cost per statute acre for Sir Richard 
O'DonnelFs Gold Medal, was £3 5s. Id., and 
£4 13*. lOd. for the Society's Gold Medal ; average 
of both, £4 per statute acre nearly* 

The average number of acres now annually im- 
proved in Ireland, is about 5530, at an average cost 
per acre of £4 17*. 

In Ireland, thorough-drainage is almost generally 
carried out by loan, under the Commissioners of 
Public Works, and there is no branch of the public 
service has given more satisfaction to owners of pro- 
perty. The works are, we believe, always executed 
within the estimates, and the owner having the ex- 
penditure in his own hands, can satisfy himself of 
its proper application. No loans are made unless 
where immediately, or prospectively, a return of 
6i per cent, is estimated on the expenditure, a rent 
charge for this amount being made for 22 years. 
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TABLE showing Estimates of the Quantities and General Cost for 
the Thorough-Drainage of a Statute Acre of Land, with Broken 
Stones or Tiles, with the distances apart for different class soils. 



Doaeription of land, aeotion 


hi 


Lineal 
^robM 
^•of 
dndna 

par 
atatnte 
acre. 


aore. 


Expenae 

per atatnte 

aera. 


Nmnber 
of feet 
of tUea 

per 
atatnte 

aera. 


Of day 
exoar. 


Of 

broken 
atonea. 


/ 


Feet 


PerchM. 


Co. yds. 


Cn.yda. 


£ «. 


d. 


Number 




12 


220 


277 


88-6 


7 6 


8 


8,630 




18 


208 


255J 


85*5 


6 15 


4 


3,851 




14 


188JI 


287 


88-0 


6 5 


8 


8,111 


Hard OQbsoil stiff and 


15 


176 


331 


80-8 


5 17 


4 


2,904 


sandy day drains, from ^ 


16 


165 


207 


28-9 


5 10 





2,722 


13 to 30 feet apart, at 


17 


155} 


195| 


27-2 


5 8 


6} 


2,562 


8d. per lineal perch. 


18 


146i 


184 


25-9 


4 17 


61 


2,420 




19 


189 


175 


24-8 


4 13 





2,298 


\ 


20 


183 


166J 


281 


^ ^ 





2,178 


/ 


21 


135) 


182} 


29-8 


4 14 


6 


2.074 




33 


130 


174J 


281 


4 10 





1,971 




28 


115 


167 


28*9 


4 6 


8 


1,894 


Freestone bottom drains, 
from 20 to 30 feet 


34 
25 


110 
105JI 


159) 


25-7 
24-7 


4 2 

8 19 


6 


1,815 
1,742 


apart, at 9(2. per ' 


26 


101} 


147} 


38-7 


8 16 


IJ 


1,675 


lineal perch 


27 


97} 


142 


22-9 


8 18 


4 


1,618 




28 


94 


186} 


220 


8 10 


6 


1,556 


V 


29 


91 


182| 


21*8 


8 8 


8 


1,502 


SO 


88 


127} 


20-6 


8 6 





1,452 


/ 


81 


85 


151} 


24-7 


8 10 10 


1,405 




82 


82} 


147 


24*0 


8 8 


9 


1,861 




88 


80 


142| 


28-2 


8 6 


8 


1,820 


Beds of gravel, sand, and 


84 


771 


188} 


23*6 


8 4 


8} 


1,280 


rooky stratification, 


85 


76} 


134 


21-9 


8 3 


% 


1,245 


from 80 to 100 feet < 


86 


73} 


180} 


21-8 


8 1 


li 


1,210 


apart, at lOd. per 


87 


71 


126} 


20-6 


2 19 


2 


1,177 


lineal perch 


88 


69 


128 


20K) 


2 17 


6 


1,146 




89 


67} 


119f 


19-6 


2 16 


li 


1,117 




40 


65J 


116} 


19-1 


2 14 


e} 


1,089 


\ 


100 


27 


47 


8-0 


1 3 


6 


486 
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ARTERIAL BRAIKAOE. 

The eflFect of thorough-drainage on the arterial 
channels of a district, is to discharge the rain-fall 
into the main channels in a shorter time than before, 
particularly during wet seasons. This frequently 
causes floods to rise higher as well as more rapidly. 
During dry seasons the supply is less, and so far, 
when it is limited, an injury is done to the adjacent 
districts requiring it for use. The eflFect of ob- 
structions in the main channel is to impound the 
upland water, sometimes made available for water 
power or navigation purposes, but in general, to the 
injury of the drainage of adjacent lands, and the 
regimen of the river, particularly in flat districts. 
I The arterial drainage in Ireland has eflFected a vast 
I amount of good, but up to 1853 the estimates appear 
I to have been usually doubled ; the estimates for 
■eleven of these works being £124,647, and the ex- 
\penditure, £293,532. The average cost per acre, on 
the land improved by these projects, varied from 
£1 19*. 8d. to £5 17*. Id., the average of the 
eleven districts being £4 3*., which is about the 
average for thorough-drainage,* 

The following table affords valuable information of 
the cost of arterial drainage works in Ireland: it 
is extracted from the Report of the Commissioners 
of Inquiry, presented to the House of Commons 
June L6th, 1853. 

♦ See Parliamentary Report, by Sir Richard Oriffith, Sir 
W. Cubitt, and Jas. M. Rendel, June 16th, 1853. 
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The abstract of 84 arterial drainage awards, made 
by the Commissioners of Public Works in Ireland, 
in 1854, gives for diflferent years, 1849 to 1864 — 



Nmnber of 
districts 
drained. 


Total 
combined 
catchment 
acreage of 
districts. 


Area of 
flooded lands. 


Average cost of 

arteriid drainage 

per acre improTed 

by drainage. 

£, f. d. 


13 districts 


90,882 


9,463 


8 14 d 


97 


95,58Q 


11,579 


8 16 7 


19 


287,466 


18,707 


4 17 3 


16 


374,427 


29,452 


8 13 4 


a 


49,840 


8,275 


5 


8 


266,420 


21,083 


8 9 4 


B4 


1,114,067 


88,501 


8 17 7 



The last line gives the general average, and shows 
that in these 84 districts, about 1 acre in 13 is the 
average of flooded lands to the catchment area, or 
8 per cent, nearly. ^"^T^o 

,rfc't«'^o SECTION xrv. 



^. A I WATER AND HORSB P0WBR.^-FRI0TI0N BRAKE, OR DTNAMO- 
METER. — CALCULATION OF THE EFFECTIVE POWER OF 



^w,-* 






:0« 



'<^ 



WATER WHEELS. — OVERSHOT, UNDERSHOT, AND BREAST 
VERTICAL WHEELS. — HORIZONTAL WHEELS AND TURBINES. 
— HTDRAULIO RAM. — ^WATER ENGINE. 



Taking the representative of a horse's power at 
33,000 foot-pounds* or 33,000 lbs. raised one foot 

* 16,500 foot-ponnds, or one half of the above, is much nearer 
the average power of a horse, working for 10 hours only, as the 
work is ordinarily done through the country ; 88,000 lbs. raised 
one foot per minute, is equivalent to 884 tons, nearly, raised one 
foot in an hour. Therefore, a river discharging 884 tons, over a 
fall one foot high in an hour, or 884 tons, over a fiedl 24 feet hi^^ 
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high in one minute, the theoretical horse-power of an 
overfall is expressed by the fall in feet, multiplied by 
the discharge in cubic feet per minute, the product 
multiplied by 62i (the weight in lbs., nearly, of a 
cubic foot of water), and divided by 33,000. The 
following table gives the weight in air of a cubic foot 
of pure water at diflferent temperatures, Fahrenheit's 
thermometer. 

WEIGHT OF A CUBIC FOOT OF WAJBB. 

Ths weight ofS6 cubic feet of water m one ton, nearly. 



Tempe- 
rature, in 
decrees. 


Weight of* 
eablo flMt of 
water. Poanda 

AToirdapois. 


Tempe. 

retore. In 

degree!. 


Weight of a 
cubic foot of 
water. Ponnde 

Aroirdupoie. 


Tempe- 
retare, in 
degreee. 


Weight of a 
oaUo ibot of 
water. PouadB 


82 


62-875 


61 


62-366 


69 


62-278 


83 


62 877 


62 


62-363 


70 


62-272 


84 


62-878 


68 


62-359 


71 


62 264 


86 ' 


62-879 


64 


62-366 


72 


62 267 


86 


62-880 


66 


62-352 


73 


62 249 


87 


62 881 


66 


62-849 


74 


62 242 


88 


62-881 


67 


62 346 


76 


62 234 


89 


62 8H2 


68 


02 340 


76 


62 225 


40 


62 882 


69 


62-336 


77 


62 217 


41 


62 881 


60 


62-331 


78 


62-208 


42 


62-381 


61 


62-326 


79 


62-199 


48 


62-380 


62 


62-821 


80 


62 190 


44 


62-879 


63 


62-316 


81 


62-181 


45 


62-878 


64 


62-810 


82 


62 172 


46 


62-876 


66 


62-304 


83 


62 162 


47 


62-376 


66 


62-298 


84 


62-162 


48 


62-873 


67 


62-292 


86 


62 142 


49 


62-371 


68 


62-286 


86 


62 132 


60 


62-868 






87 


62-122 



The effective power of a fall depends on the nature, 

in 24 hours, has also a horse power. The drainage of 10 square 
miles, with an average collection of 12 inches annually of rain in 
depth, will g^ve an annual unceasing one-horse power for each 
foot of fall in a receiving channel ; or five square miles -will give 
the same result, if the collection amounts to 24 inches in depth. 
The collection of 10 square miles, one foot deep, yearly, is nearly 
equal to the deliveiy of 680 cuhic feet per minute, for the same 
period. 
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proportions, and construction of the wheel or 
machine, and also upon the manner in which the 
theoretical power is applied. When the velocity of 
a stream acting on a wheel only is known, the theo- 
retical head, A, due to it is found in feet from the 
formula h = -OISS t?*, v being the volocity in feet per 
second. 

In order to gauge the quantity of water applied to 
a wheel, and thereby determine with accuracy its 
eflfective power, the water used must be passed 
through a notch, orifice, or over a weir, the coeflBcients 
for which had been previously ascertained from expe- 
riment. Greater accuracy can be obtained from 
gaugings through thin plates, or planks having the 
down-stream arrises chamfered, than with any other 
form of orifice or notch ; and when it can be effected, 
the channel above should be sufficiently enlarged to 
prevent the effects of an approaching current. We 
have abready in the body of this work dwelt in detail 
on the various formulae required for gauging under 
different circumstances. The accuracy of the results 
showing the effective powers of wheels depends in 
the first place, on the accuracy of the gaugings or 
estimates of the quantity of water used, and next on 
the fall employed. 

VRIOTIOK BRAEB, OB DTKAMOMBTBR. 

The power applied to a revolving shaft through a 
water wheel of any construction, is the weight of 
water multiplied by the fall. It is evident that the 
portion of this power available to turn a shaft and 
machinery, or the effective power^ must depend on 
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the construction of the wheel, as a portion of the 
theoretical power is lost mechanically, in applying it; 
in changes of direction, friction, eddies, and discharg- 
ing currents. The greater the eflfective power con- 
veyed to a shaft, the greater becomes the power of 
the wheel, or medium through which the original 
power is transmitted. The mechanical eflfect produced 
by a revolving shaft is best measured by a friction 
brake, the principle of which is as follows. In 
diagram 1, Fig. 44, let the friction pulley aa be 

Fig. 44. 

FBICTION BRAKES, OB DTNAMOMETEBS. 




firmly fixed to the revolving shaft or axis of the wheel ; 
E and B, two wooden clamps grasping the friction 
puUy by means of the screw bolts, delineated, which 
can be tightened on the axis, and also to the arm f, 
by means of suitable nuts. The more tightly the 
bolts are screwed, the greater will be the friction 
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between the friction pulley aa, and the clamping 
pieces ee. If, while the axis and friction pulley a a, 
are revolving in the direction indicated by the arrow, 
a weight be applied in the scale at i, so that the arm 
F shall not be carried round, but remain fixed ; it is 
clear that the work done by the revolving shaft in 
one revolution, will be measured by the circumference 
of the friction pulley, multiplied by the friction due 
to the pressure on it, or by its equivalent, the weight 
in the scale i, multiplied by the circumference of a 
circle whose radius is l, or by 2 l x 3 -141 69 x w, in 
which expression w is the weight in lbs. in the 
scale I. If n be the number of revolutions in a 
given time, say one minute, we shall therefore have 
the useful effect of the wheel on the shaft in foot- 
pounds per minute, equal to 

2lx 314159 xwXw. 
We have also the power of the water acting on the 
wheel, equal to 

A X D X 62-37, 
in which h is the head and d the discharge in cubic 
feet per minute ; therefore, we shall have for the ratio 
of the effect to the power the expression 

2lx3'14159x wy^n 
Ax DX 62-37 
If the revolving shaft be horizontal, the weight of 
the arm f, acting at its centre of gravity and reduced 
to the length l, where the weight w is suspended, will 
have to be included in the weight w. If the weight 
w be suspended at the end of a connexion of levers, 
or other mechanical powers, the length l will have to 
be determined accordingly. Diagram 2, Kg. 44, 
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shows the Armstrong-brake ; Diagram 3, the common 
form ; and Diagram 4, Egen's brake. 

Fig. 45, is a general representation of the brake 



Fio. 45. 



DYNAMOMETER FOR DETERMIOTNQ THE USEFUL EFFECT OF THE 
TREMOMT TURBINE. 



used by Francis, in the Lowell experiments. The 
length of the arm of the brake l, was 9 745 feet; 
the length of the vertical arm / of the bell crank 4*6 

BB 
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feet ; and the length of the horizontal arm t 5 feet 
The following detailed description is by Francis : — 

" The Friction PuUey a is of cast-iron, 6-6 feet in 
diameter, two feet wide on the face, and three inches 
thick. It is attached to the vertical shaft by the 
spider b, the hub of which occupies the place on the 
shaft intended for the bevel gear. 

" The friction pulley has, cast on its interior circum- 
ference, six lugs, c c, corresponding to the six arms 
of the spider. The bolt holes in the ends of the arms 
are slightly elongated in the direction of the radius, 
for the purpose of allowing the friction pulley to 
expand a little as it becomes heated, without throwing 
much strain upon the spider. When the spider and 
friction pulley are at the same temperature, the ends 
of the arms are in contact with the friction pulley. 
The friction pulley was made of great thickness for 
two reasons. When the pulley is heated, the arms 
cease to be in contact with the interior circumference 
of the pulley, consequently they would not prevent 
the pressure of the brake from altering the form of 
the pulley. This renders great stiflFness necessary in 
the pulley itself. Again, it is found that a heavy 
friction pulley insures more regularity in the motion, 
operating, in fact, as a fly-wheel, in equalizing small 
irregularities. 

" Ihe brakes E and p are of maple wood ; the two 
parts are drawn together by the wrought-iron bolts 
c c, which are two inches square. 

" The bell crank f', carries at one end the scale i, and 
at the other the piston of the hydraulic regulator k ; 
this end carries also the pointer l, which indicates 
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the level of the horizontal arm. The vertical arm is 
connected with the brake f^ by the link m. 

" ITie hydra%dic regvlator k, shown in the figures, is a 
very important addition to the Prony dynamometer, 
first suggested to the author by Mn Boyden, in 1844. 
Its oflBce is to control and modify the violent shocks 
and irregularities, which usually occur in the action 
of this valuable instrument, and are the cause of some 
uncertainty in its indications. 

"The hydraulic regulator used in these experiments, 
consisted of the cast-iron cylinder k, about 16 feet 
in diameter, with a bottom of plank, which was 
strongly bolted to the capping stone of the wheel pit, 
as represented in figure 1. In this cylinder, moves 
the piston n, formed of plate-iron 0-6 inches thick, 
which is connected with the horizontal arm of the bell 
crank by the piston rod o. The circumference of the 
piston is rounded off, and its diameter is about iV inch 
less than the diameter of the interior of the cylinder. 
The action of the hydraulic regulator is as follows. 
The cylinder should be nearly filled with water, or 
other heavy inelastic fluid. In case of any irregularity 
in the force of the wheel, or in the friction of the 
brake, the tendency will be, either to raise or lower 
the weight, in either case the weight cannot move, 
except with a corresponding movement of the piston. 
In consequence of the inelasticity of the fluid, the 
piston can move only by the displacement of a portion 
of the fluid, which must evidently paas between the 
edge of the piston and the cylinder ; and the area of 
this space being very small, compared to the area of 
the piston, the motion of the latter must be slow, 

B B 8 
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giving time to alter the tension of the brake screws 
before the piston has moved far. It is plain that 
this arrangement must arrest all violent shocks, but, 
however violent and irregular they may be, it is 
evident, that, if the mean force of them is greater in 
one direction than in the other, the piston must move 
in the direction of the preponderating force, the 
resistance to a slow movement being very slight. A 
small portion of the useful effect of the turbine must 
be expended in this instrument, probably less, how- 
ever, than in the rude shocks the brake would be 
subject to without its use. 

"For the purpose of ascertaining the velocity of 
the wheel, a counter was attached to the top of the 
vertical shaft, so arranged, that a bell was struck at 
the end of every fifty revolutions of the wheel. 

" To lubricate the friction pulley, and at the same 
time to keep it cool, water was let on to its surface 
in four jets, two of which are shown. These jets were 
supplied from a large cistern, in the attic of the 
neighbouring cotton mill, kept full, during the work- 
ing hours of the mill, by force pumps. The quantity 
of water discharged by the four jets was, by a mean 
of two trials, 0-0288 cubic feet per second. 

" In many of the experiments with heavy weights, 
and cjpsequently slow velocities, oil was used to 
lubricate the brake, the water, during the experiment, 
being shut off. It is found, that, with a small 
quantity of oil, the friction between the brake and 
the pulley is much greater than when the usual 
quantity of water is applied; consequently, the 
requisite tension of the brake screws is much less 
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with the oil, as a lubricator, than with waten This 
may not be the whole cause of the phenomenon, but, 
whatever it may be, the ease of regulating in slow 
velocities is incomparably greater with oil as a 
lubricator, than with water applied in a quantity 
sufficient to keep the pulley cool. The oil was 
allowed to flow on in two fine continuous streams ; 
it did not, however, prevent the pulley from becoming 
heated sufficiently to decompose the oil, after running 
some time, which was distinctly indicated by the 
smoke and peculiar odour. When these indications 
became very apparent, the experiment was stopped, 
and water let on by the jets, until the pulley was 
cooled. As the pulley became heated, the brake 
screws required to be gradually slackened. Water, 
linseed oil, and resin oil, were each used for lubrica- 
tion." 

Fig. 46 is a representation of a brake used by 
Professor Thomson, at Crawford and Lindsay's mill, 
to determine the power of a turbine put up there, 
by Mr. Gardner, of Armagh. One of the common 
causes of the swinging or vibratory jumps of the arms 
p, in Figs. 44, 46, and 46 is, that very often the 
friction pulley, or drum a, a, must be made in two 
parts, so as to be fixed to its place on the shaft. 
This fixing is liable to give an oval shape, and causes 
an irregular action with the clamps e, e. 6ll gives 
greater regularity of motion than water, but without 
the use of the latter abundantly, the friction pulley 
would usually get too much heated. The following 
calculations from practical operations will point out 
pretty clearly the use of the brake, and the manner 
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of determining the useful effect in the tables of expe- 
riments, by Francis and Thomson, pp. 383 and 392 : — 

Fia. 46. 

FBICTION BRAKE, USED AT CRAWFORD AND LINDSAT'S MILL, BY PROFESSOR 
JAJCE8 THOMSON, TO DETERMINE THE POWER OF THE TURBINE. 



4— <|S5^" 




I 

I 
1 
I 
I 
J 

lOFcrr 
T I I 



Length of the brake, l, Fig. 46, adjusted . . . 9*746 feet 

Effective length of vertical arm I 4*6 ,, 

Effective length of horizontal arm ? .... 6*0 „ 

The effective length of the brake was therefore 

9*745 X 6 

— ^ — = 2xl0-827778feet; and the circumference 

of a circle of this radius = 10-827778 x 3-14159 =z 
68-0329 feet. 
In the first experiment on the Tremont turbine^ 
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page 393, the number of revolutions of the wheel per 
second was *89374, and the weight in the scale 
1443-34 lbs. The useful effect of the brake was 
therefore in foot-pounds per second 68-0329 x 
•89374 X 1443-34 = 87680-3 lbs. raised one foot per 
second. The quantity of water which passed the 
gauge-weir in cubic feet per second was 1394206, 
and the total fall acting on the wheel 12*864 feet; 
therefore, the total power of the water acting on the 
wheel was 12-864x139 4206x62-375=111870 feet- 
pounds per second, 62-376 being taken as the weight 
in lbs. of a cubic foot of water at 32^ Fahrenheit. 
The ratio of the useful effect, at the given velocity of 
the wheel (viz. 460 revolutions in 603*6 seconds), to 

^ ^ . .!_ i. 87680-3 
the power expended, is therefore j,,,g,yQ = -784, or 

about 78j per cent. The effect in the experiments 
generally appears to have been a maximum, when 
the velocity of the interior circumference of the wheel 
was about 66 per cent, of the velocity due to the fall ; 
and this was about half of the maximum velocity, 
which was 1-333 times that due to the fall alone, 
when the turbine was doing no work. 

In Thomson's brake for determining the useful 
effect of the vortex turbine, erected from his designs 
at Ballysillan, Ireland, l = 4 ft. 2 in., and the cir- 
cumference of a circle that would be described by the 
arm 314169 x 8 feet 4 inches. = 2618 feet. In the 
first experiment, taken from the tabulated results, 
page 383, we get 26-18, the circumference multiplied 
by 46-31, the weight in lbs., and the product by 
323-3, the number of revolutions per minute, equal 
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to 391,967 foot-pounds, for the effect transmitted 
from the turbine or work done. We have also 354*4, 
the number of cubic feet of water passed to the 
wheel per minute, multiplied by 62-37, the weight of 
a cubic foot of water in lbs., multiplied by 23*73 feet, 
the available fall, equal to 624,526 foot-pounds: 

therefore 504526 ~ ^^^ ^® *^^ useful effect, that in 
the table being -7481, which probably arose from 
taking a different weight per cubic foot for the water. 
Of course the difference is immaterial. The drum 
attached to the vortex wheel shaft for fixing the 
brake to, was in two parts, bolted together, and 
firmly enclosing the shaft. It was of cast-iron, 20 
inches diameter, and 8 inches wide; the shaft to 
which it was attached was 2f inches diameter. The 
arm of the brake was 6'*4''x6'x4'J, of timber, and 
extending 1 foot 2 inches beyond the centre of the 
shaft and drum. The clamping pieces were about 
2 feet 5 inches long externally. 

For overshot wheels the ratio of the power to 
the effect may be taken as 3 to 2, and therefore the 
effective horse-power, — taking 33,000 foot-pounds 
per minute as a standard, — will be 49,500 lbs. of 
water falling one foot in one minute. The maximum 
effect varies with the construction of the wheel. 
Smeaton found it -76 times the theoretical power ; 
Weisbach -78 times for the wheel of a Stamp Mill 
at Frieberg, which was 23 feet high, 3 feet wide, 
carrying 48 buckets.* To find the effective horse- 

* Some valuable experiments on the power of water wheels are 
given by Rennie, in Weale's Quarterly Papers of Engineering, 
voL vi. They however require reduction. 
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power, the theoretical horse-power must be here di- 
vided by the coeflBcient of eflfect -76 or '78, which will 
give 43,600 foot-pounds, or 43,300 foot-pounds per 
minute. The following experimental results from a 
model wheel are by Smeaton. 

TABLE containing the ResuU of SinOeen Ettperimenta, on a Model 
Overshot Wheel, by Smeaton. 



No. 






27 
27 
27 
27 
27 



80 

&6} 

56| 

63} 

761 



U 



12; r 
15} 



810 
1580 
1580 
1710 
2070 



720 
1860 
1860 
1524 
1&40 



556 
1060 
1167 
1245 
1500 



II 



•69 
•69 
•76 
•78 
•73 



il 



^^ 



|i 



•77 

•78 
•84 



8 

9 

10 



28} 

28} 



78J 
96} 



17* 
20} 



2090 
2755 



1764 
2820 



1476 

1868 



•70 

•68 



•84 
•80 



80 
80 



90 

96| 

118} 



20 

20| 

21 



19t 
2O1 
23i 



2700 
2900 
8400 



2160 
2320 
2720 



1755 
1914 
2221 



•65 
•66 
•65 



•81 

•82 
•82 



11 
12 
18 



88 
88 



56j 
1061 



28 



18) 
21} 
27} 



1870 
8520 
4840 



1860 
2560 
8520 



1280 
2153 
2846 



•66 
•61 
•59 



•90 

•84 
•81 



14 
15 
16 



85 
85 
35 



65 

120 
168} 



21 
25 



2275 
4200 
6728 



1560 

2880 
8924 



1466 
2467 
2981 



•65 
•59 
•52 



•96 
•86 
•76 



§ 



In this table the eflFective power of the water 
must be reckoned upon the whole descent, because it 
must be raised that height, in order to be in a 
condition of producing the same effect a second time. 
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The ratios between the povoers so estimated^ and 
the effects at the maximum^ deduced from the several 
sets of experiments, are exhibited at one view, in 
column 9, of Table II. ; and from hence it appears, 
that those ratios differ from that of 10 to 7*6 to that 
of 10 to 5*2, that is, nearly from 4 to 3 to 4 to 2. In 
those experiments where the heads of water and 
quantities expended are least, the proportion is nearly 
as 4 to 3, but where the heads and quantities are 
greatest, it approaches nearer to that of 4 to 2 ; and 
by a medium of the whole, the ratio is that of 3 to 2, 
nearly. We have seen before, in our observations 
upon the effects of undershot wheels, that the general 
ratio of the power to the effect, when greatest, was 3 
to 1 ; the effect^ therefore, of overshot wheels, underthe 
same circumstances of quantity and fall, is at a 
medium doulde to that of the undershot ; and, as a 
consequence thereof , that nonrclastic bodies, when acting 
by their impulse or coUision, communicate ovdy a part 
of their original power ; the other part being spent 
in changing their figure, in consequence of the 
stroke. 

The powers of water, computed from the height of 
the wheel only, compared with the effects as in 
column 10, appear to observe a more constant ratio : 
for, if we take the medium of each class, which is set 
down in column 11, we shall find the extremes to 
differ no more than from the ratio of 10 to 8-1 to that 
of 10 to 8-5 ; and as the second term of the ratio 
gradually increases from 8-1 to 8-6, by an increase of 
head from 3 inches to 11, the excess of 8*6 above 81 
is to be imputed to the superior impulse of the water 
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at the head of 11 inches, above that of 3 inches : so 
that if we reduce 8-1 to 8, on account of the impulse 
of the 3-inch head, we shaU have the ratio of the power ^ 
computed upon the height of the whed only^ to the 
effect at a maximum^ as 10 to S or as 5 to 4^ nearlt/; 
and from the equality of the ratio between power and 
effect subsisting, where the constructions are similar, 
we must infer, that the effects, as well as the powers, 
are as the gtuintities of water and perpendicular 
heights, multiplied together respectively. 

For breast wheels, the ratio of the theoretical 
power to the effective power must vary considerably, 
the mean value being about 1 to '6 and, therefore, the 
effective horse-power would be 66,000 foot-pounds 
in one minute. Morin gives an eflBciency of from '52 
to -7. Egen, with a wheel 23 feet in diameter, 4i feet 
wide, having 69 ventilated buckets, very well con- 
structed, found at best an eflBciency of only -52, 
under ordinary circumstances *48, the mean amount 
being '6. Very wide wheels give a larger effect, 
sometimes as high as *7 ; but a great deal depends on 
the manner of bringing on the water and the con- 
struction of the wheel and buckets. 

For UNDERSHOT WHEELS the mean effect may be 
taken at one-third or -33, or 100,000 foot-pounds in 
one minute for an effective horse's power; a maximum 
effect of "5 is sometimes approached, and a minimum 
of -26 or less. The following results, obtained from 
a model, are given by Smeaton. The virtual or 
effective head is here termed the theoretical head 
due to the velocity of the wheel, at the circum- 
ference, which was 75 inches girth. 
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TABLE containing ths Reatdt of Twenty-seven Experiments, on a 
Modd Undershot Wheel, by Smeaton. 





1 


1, 

• 1 


i 


1 
1 


Hi 


hi 




s 


i 

i 


?! 
if 


If 
l| 

u 


i4 


1 


88 


88 


16-86 


80- 


18 10 


10 9 


275- 


4858 


1411 


•834 


•340 


•776 


3 


80 


86 


160 


30- 


13 10 


9 6 


364-7 


3970 


1366 


-830 


•860 


-740 


8 


37 


83 


13-7 


28- 


11 3 


8 6 


343- 


8339 


1044 


•816 


•340 


•760 


4 


24 


78 


12-3 


27-7 


9 10 


7 6 


385- 


3890 


901-4 


-813 


•365 


•768 


5 


21 


76 


11-4 


25-9 


8 10 


6 6 


314- 


2439 


786-7 


-803 


•846 


•732 


« 


18 


70 


9-95 


23-6 


6 10 


6 6 


199- 


1970 


661-8 


•386 


•886 


•803 


7 


16 


65 


8*54 


23-4 


5 3 


4 4 


178-5 


1634 


443-6 


•390 


•360 


•880 


8 


13 


60 


7-29 


22- 


3 10 


8 6 


161- 


1178 


338 


•380 


•877 


•910 


9 


9 


62 


6-47 


19- 


3 12 


2 8 


184- 


783 


318-7 


-290 


•805 


•910 


10 


6 


42 


8-66 


16- 


I 13 


I 10 


114- 


404-7 


117-0 


•383 


•880 


•980 


11 


34 


84 


14-2 


80-76 


13 10 


10 14 


843- 


4890 


1606 


•807 


•866 


•790 


12 


31 


81 


18-6 


29- 


11 10 


9 6 


397- 


4009 


1333 


-801 


•369 


•805 


18 


18 


72 


10-5 


26- 


9 10 


8 7 


386- 


2993 


976 


•836 


•860 


•876 


14 


16 


69 


9-6 


26- 


7 10 


6 14 


377- 


3669 


774 


-393 


-863 


•900 


1ft 


13 


68 


80 


35- 


6 10 


4 14 


334- 


1873 


649 


•394 


•397 


-870 


16 


9 


66 


6-87 


33* 


4 


3 13 


801- 


1380 


390 


-306 


•410 


•960 


17 


6 


46 


4-36 


31- 


3 8 


3 4 


167-6 


718 


313 


•398 


•465 


•900 


18 


16 


72 


10-5 


39- 


11 10 


9 6 


367- 


3748 


1310 


•333 


•403 


-806 


19 


12 


66 


8-75 


36-76 


8 10 


7 6 


330- 


2887 


878 


•306 


•405 


•810 


30 


9 


68 


6-8 


34-6 


6 8 


5 


365- 


1784 


641 


•301 


•433 


•910 


31 


6 


48 


4-7 


33-6 


8 2 


8 


338- 


1064 


317 


•399 


•490 


•960 


33 


12 


68 


9-3 


37- 


9 2 


8 6 


359- 


3388 


1006 


-802 


•397 


•917 


38 


9 


58 


6-8 


26-25 


6 3 


5 18 


383- 


3357 


686 


•804 


•453 


•960 


34 


6 


48 


4-7 


24-5 


8 13 


8 8 


363- 


1381 


886 


-818 


•510 


-935 


25 


9 


60 


7-39 


37-8 


6 13 


6 6 


855- 


3688 


786 


•808 


•465 


•946 


26 


6 


60 


608 


34*6 


4 6 


4 1 


307- 


1644 


460 


•393 


•490 


•930 


27 


6 


60 


608 


26- 


4 15 


4 9 


860- 


1811 


684 


•395 


-620 


•926 
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Smeaton deriyed the following "maxims" from 
the foregoing experiments. Their truth, independent 
of any experiment, will be apparent : — 

/. — That the vvrtuaX or ejfective head being the same, the effect vnU 
he nearly as the quantity of water expended. 

IL — That the eapense of water being the same, the effect unU be 
nearly as the height of the virtual or effective head, 

III. — Jliat the quantity of water expended being the same, the effect 
is nearly as the square of the velocity . 

IV. — The aperture being the same, the effect will be nearly as the cube 
of the velocity of the water. 

Fob tttbbines ob hobizontal wheels, a useful 
effect of two-thirds or '67 may be assumed, or 
49,500 foot-pounds in a minute for a horse-power, 
and the efficiency varies from -5 to -8, or less.* Pon- 
celet's turbine gives an efficiency of -5 to -6. Float- 
ing wheels -38, impact wheels from -16 to -4, and 
Barker's mill from -16 to -35. We believe that the 
efficiency of the turbine has been too often over- 
estimated, and that the great advantage of this 
wheel, as a medium of power, is derived from its 
capability of employment for all falls, whether large 
or small, without any considerable loss of effect. 
In Ireland, Mr. Gardner, of Armagh, was amongst 
the first, if not the first, to apply this wheel to prac- 
tical purposes ; and Professor Thomson has, in his 

* In our first edition we gave an efficiency of -821, on the 
authority of a paper hy Dr. Robinson, Armagh, in the Proceed- 
ings of the Royal Irish Academy, vol. iv., p. 214. On again 
glancing over this paper, we believe there are mistakes, which 
vitiate the results there given; first, in the formula for calcu- 
lating the discharge over the weir, and next, in the formula for 
finding the effect of the brake. Francis gives an efficiency of -88, 
p. 8, Ms book. 
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vortex wheels, produced, we believe, the highest effi- 
ciencies which have yet been obtained in practice. 
In the experiments on the Ballysillan wheel, higher 
efficiencies would probably have been attained with a 
supply pipe of larger diameter. It will be seen from 
the remarks, at pp. 171 and 172, and the tables, at 
pp. 152 and 191, that quite apart from bends, &c., 
a loss of mechanical power always results from the 
passage through orifices and pipes; and that it 
is necessary to take this loss into account, before 
the head acting on the wheel can be accurately used 
to determine its effective power. The table, next page, 
contains the experiments on the Ballysillan turbine. 

The following remarks on the vortex turbine, read 
at the meeting of the British Association at Belfast, 
in 1852, are also by Professor Thomson : — 

"Numberless are the varieties, both of principle 
and of construction, in the mechanisms by which 
motive power may be obtained from falls of water. 
The chief modes of action of the water are, however, 
reducible to three, as follows : — First, the water may 
act directly by its weight on a part of the mechanism 
which descends while loaded with water, and ascends 
while free from load. The most prominent example 
of the application of this mode is afforded by the 
ordinary bucket water wheel. Secondly, the water 
may act by fluid pressure, and drive before it some 
yielding part of a vessel by which it is confined. 
This is the mode in which the water acts in the water 
pressure engine, analogous to the ordinary high-pres- 
sure steam-engine. Thirdly, the water, having been 
brought to its place of action subject to the pressure 
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due to the height of fall, may be allowed to issue 
through small orifices with a high velocity, its inertia 
being one of the forces essentially involved in the 
communication of the power to the moving part of 
the mechanism. Throughout the general class of 
water wheels called turbines, which is of wide extent, 
the water acts according to some of the variations of 
which this third mode is susceptible. In our own 
country, and more especially on the Continent, turbines 
have attracted much attention, and many forms of 
them have been made known by published descrip- 
tions. The subject of the present communication is a 
new water wheel, which belongs to the same general 
class, and which has recently been invented and 
brought successfully into use by the author. 

"In this machine the moving wheel is placed within 
a chamber of a nearly circular form. The water is 
injected into the chamber tangentially at the circum- 
ference, and thus it receives a rapid motion of rotation. 
Retaining this motion it passes onwards towards the 
centre, where alone it is free to make its exit. The 
wheel, which is placed within the chamber, and which 
almost entirely fills it, is divided by thin partitions 
into a great number of radiating passages. Through 
these passages the water must flow on its course 
towards the centre ; and in doing so it imparts its own 
rotatory motion to the wheel. The whirlpool of water 
acting within the wheel chamber, being one principal 
feature of this turbine, leads to the name Vortex as 
a suitable designation for the machine as a whole. 

" The vortex admits of several modes of construc- 
tion, but the two principal forms are the one adapted 
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for high falls and the one for low falls. The former 
may be called the High-pressure Vortex, and the 
latter the Low-pressure Yortex. Examples of these 
two kinds are in operation at two mills near Belfast. 

^^ The height of the fall for the first vortex is about 
37 feet, and the standard or medium quantity of water, 
for which the dimensions of the various parts of the 
wheel and case are calculated, is 640 cubic feet per 
minute. With this fall and water-supply the esti- 
mated power is 28 horse-power, the efficiency being 
taken at 75 per cent. The proper speed of the wheel, 
calculated in accordance with its diameter and the 
velocity of the water entering its chamber, is 355 
revolutions per minute. The diameter of the wheel 
is 22| inches, and the extreme diameter of the case is 
4 feet 8 inches. 

^^In the second vortex, the fall being taken at 7 
feet, the calculated quantity of water admitted, at the 
standard opening of the jguide-blades, is 2,460 cubic 
feet per minute. Then, the efficiency of the wheel 
being taken at 75 per cent., its power will be 24 
horse-powen Also, the speed at which the wheel is 
calculated to revolve is 48 revolutions per minute. 

^^ The two examples which have now been described 
of vortex water wheels, adapted for very distinct cir- 
cumstances, will serve to indicate the principal features 
in the structural arrangements of these new machines 
in general. Respecting their principles of action some 
further explanations will next be given. In these 
machines the velocity of the circumference is made 
the same as the velocity of the entering waiter, and 
thus there is no impact between the water and the 
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wheel ; but; on the contraiy, the water enters the 
radiating conduits of the wheel gently, that is to say, 
with scarcely any motion in relation to their months. 
In order to attain the equalization of these velocities, 
it is necessary that the circumference of the whedsJiauJd 
move with the velocity which a heavy body would attain^ 
in faUing through a vertical space equal to half the 
vertical fall of the water, or in other words, with the 
velocity due to half the faU; and that the orifices 
through which the water is injected into the wheel- 
chamber should be conjointly of such area that when 
all the water required is flowing through them, it also 
may have a velocity due to half the fall. Thus one-half 
only of the fall is employed in producing velocity in 
the water ; and, therefore, the other half still remains 
acting on the water within the wheel-chamber at the 
circumference of the wheel, in the condition of fluid 
pressure. Now, with the velocity already assigned 
to the wheel, it is found that this fluid pressure is 
exactly that which is requisite to overcome the cen- 
trifagal force of the water in the wheel, and to bring 
the water to a state of rest at its exit ; the mechanical 
work due to both halves of the fall being transferred 
to the wheel during the combined action of the moving 
water and the moving whtol. In the foregoing state- 
ments, the effects of fluid friction, and of some other 
modifying influences, are, for simplicity, left out of 
consideration ; but in the practical application of the 
principle, the skill and judgment of the designer 
must be exercised in taking all such elements, as far 
as possible, into account. To aid in this, some prac- 
tical rules; to which the author as yet closely adheres, 

Digitized by VjOOQ iC 



OHEBIOBS^ WEIBS, PIPES, AND BIVEBS. 887 

were made out by him previously to the date of his 
patent. These are to be found in the specification of 
the patent, published in the Mechanics' Magazine for 
January 18 and January 25, 1851 (London). 

^^ In respect to the numerous modifications of con- 
irixuction and arrangement which are admissible in 
the vortex, while the leading principles of action are 
retained, it may be sufficient here merely to advert, — 
first, to the use of straight instead of curved radiating 
passages in the wheel ; secondly, to the employment^ 
for simplicity, of invariable entrance orifices, or of 
fixed instead of moveable guide-blades ; and lastly, to 
the placing of the wheel at any height, less than about 
thirty feet, above the water in the tail-race, combined 
with the employment of suction pipea descending 
from the central discharge orifices, and terminating 
in the water of the tail-race, so as to render available 
the part of the fall below the wheeL 

^In relation to the action of turbines in general, 
the chief and most commonly recognized conditions, 
o( which the accomplishment is to be aimed at, are 
that the water should flow through the whole machine 
with the least possible resistance, and that it should 
enter the moving wheel without shock, and be dis- 
charged from it with only a very inconsiderable 
vdocity. The vortejc is in a remarkable degree 
adapted for the fulfilment of these conditions. The 
water moving centripetally (instead of centrifugally, 
which is more usual in turbines), enters at the period 
of its greatest velocity (that is, just after passing the 
injection orifices) into the most rapidly moving part 
of the wheel, the circumference ; and, at the period 
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when it ought to be aa far as possible deprived of 
velocity, it passes away by the central part of the 
wheel, the part which has the least motion. Thus, in 
each case, that of the entrance and that of the di£h 
charge, there is an accordance between the velocities 
of the moving mechanism and the proper velocities of 
the water. 

" The principle of injection from without inwards^ 
adopted in the vortex, affords another important 
advantage in comparison with turbines having the 
contrary motion of the water; as it allows ample 
room, in the space outside of the wheel, for large and 
well-formed injection channels, in which the water 
can be made very gradually and regularly to converge 
to the most contracted parts, where it is to have its 
greatest velocity. It is as a concomitant also of the 
same principle, that the very simple and advantageous 
mode of regulating the power of the wheel, by the 
^loveable guide-blades already described, can be intro- 
duced. This mode, it is to be observed^ while giving 
great variation to the areas of the entrance orifices^ 
retains at all times very €uitable forms for the con- 
verging water channels. 

> ^^ Another adaptation in the vortex is to be remarked 
as being highly beneficial, that, namely, according to 
which, by the balancing of the contrary fluid pressured 
due to half the head of water and to the centrifugal 
force of the water in the wheel, combined with the 
pressure due to the ejection of the water backwards 
from the inner ends of the vanes of the wheel when 
they are curved, only one-half of the work due to the 
fall is spent in communicating m viva to the watery 
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to beraftemards taken from if during its passage 
through the wheel ; the remainder of the work being 
communicated through the fluid pressure to the wheel^ 
without any intermediate generation of vis viva. 
Thus the velocity of the water, where it moves fastest 
in the machine, is kept com^paratively I6w ; tiot ex^ 
eeeding that due to half the height of the fall, while* 
in other turbines the water usually requites to Act a* 
much higher velocities. In many of them it attains 
at two successive times the velocity due to the whole 
fall. The much smaller amount of action, dr agita- 
tion, with which the water in the vortex performs 
its work, causes a material saving of power by 
diminishii^ the loss necessarily occasioned by fluid 
friction. ' • 

^^ In the vortex, further, a very favourable influence 
on the regularity of the motion proceeds from the 
centrifugal force of the water, which, on any incri3ase 
of the velocity of the wheel, increases, and so checks 
tilie wat6r supply; and on any diminution of the 
velocity of the wheel, diminishes, and so admits the 
water more freely ; thus counteracting, in a great 
degree, the irregularities of speed arising from varia- 
tions in the work to be performed. When the work 
IB subject to great variations, as f6r instance in saw- 
mills, in bleaching works, or in fofges, gr6at incon- 
venience often arises with the ordinary bucket water- 
Wheels and with turbines which discharge at the 
circumference, from their running too quickly when 
dnj considerable diminution occurs in the resistance 
to their motion. 
•^The first vortex wMch was constrricted on the 
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large scale was made in Glasgow, to drive a new 
beetling-mill of Messrs. G. Hunter and Go.^ of 
Dnnadry^ in County Antrim. It was the only one in 
action at the time of the meeting of the British 
Association in Belfast ; but the two which have been 
particularly describedin the present article^ and one for 
an unusually high fall^ 100 feet, have since been com- 
pleted, and brought into operation. There are also 
several others in progress ; of which it may be suffi- 
cient to particularize one of great dimensions and 
power, for a new flax-mill at Ballyshannon in the 
West of Ireland. It is calculated for working at 160 
horse-power, on a fall of 14 feet, and it is to be 
impelled by the water of the Biver Erne, lids great 
river has an ample reservoir in the Lough of the 
same name ; so that the water of wet weatiier is long 
retained, and continues to supply the river abun- 
dantly even in the dryest weather. The lake has 
also the effect of causing the floods to be of long 
duration, and the vortex will consequently be, 
through a considerable part of the year, and for long 
periods at a time, deeply submerged under back- 
water. The water of the tail-race will frequently be 
seven feet above its ordinary summer level ; but as 
tilie water of the head-race will also rise to such a 
height as to maintain a sufficient difference of levels, 
the action of the wheel will not be deranged or 
impeded by the floods. These circumstances have 
had a material influence in leading to the adoption in 
the present case of this new wheel in preference to 
the old breast or undershot wheels." 
The next tables have been arranged by us from 
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Mr. Francis' valuable experiments. They show the 
ratio of the effect to the power in two wheels, the 
first a centre-vent wheel, erected at the Boott Cotton 
Mills, and the second a turbine, erected at the 
Tremont Mills, Lowell, Massachusetts. 

The maximum effect -794 was obtained from the 
Tremont turbine experiments, when the velocity of 
the interior circumference of the wheel was to that 
due to the whole faU as *63 to 1 ; and an effect of 78 
per cent, was obtained when these velocities were as 
•61 to 1. In the Boott centre-vent wheel the max- 
imum effect '797 was obtained when the velocity of 
the exterior circumference was to that due to the fall 
as *64 to 1 ; and a like effect was produced when 
this ratio was '708 to 1. Indeed, between these 
ratios the useful effect was nearly the same; an 
effect of '78 to *79 was obtained for all such ratios 
between limits of -59 and -71 to 1, averaging a ratio 
of -65 to 1. If a turbine have a variable fall, say 
from 2 to 1, and be of sufficient capacity to give the 
required power always, the dimensions should be 
determined from the lesser fall, and if correctly so 
determined, it will not have sufficient velocity for 
the greater fall. When the fall is greatest the 
quantity in the same place is generally least, giving 
thereby a lessened effect when most is required. For 
such cases two turbines may be used with advantage. 
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TJBLB ikowino the SetuUt of EasperimenU upon a Modaof a (?Mlr«-o«U Tfoler WkeO, amd 
alto upon a Centre-vent Water Wheel at the Boott Cotton Mtile, Lowell, Maaaackmmita, 
arranged fi-om Mr. FraneW valuable Experiments, Diameter of Wheel to the outside ^ 
ih/e BuekeU, about 9*8 /eel Depthe of External Ouide Curvee about *75 foot. B^termal - 
height of Wheel about 1-6 feet. NuvAer of Buckete, 40. Mean height of the Orifice* he^ 
tween the Ouidee,! foot. Diameter of Supply Pipe, S feet The ftrU Seven Kxpiritmentm 
were made on a Model, the Exterior Diameter of the Wheel being 88| inehee, Interier 
Diameter 19i inehee, height between the Crowne aj| inehee, and the number of BudteU 86L 
The Conetruetion of the Wheel U ahown in Mr. FrameW Book, and aU neeemtrf DeUOe. 
The generdlmrineiple of the Centre-vent Wheel of Franeif and Thom»on*t Vortex Wheel 
mean to be the tame; the Ouide Bladee being fewer in the latter, and eapaUe of 
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TABLE Oowino ike RemiU$ of EwperfmenU vpai^ ikt SVMim at .Tnmtmt Wni,LomaL"' 
M eu»a e k » § $ tt$, arranged from Mr. FraneUf vakuMe BwpeHmenie. DUmeUr, fMomt/rea ' 
to the Exterior Circwnferen^ of Crowns oftheWhee^JrV» feet. Height of Buekete 

. Nwmherof 
xTMiv, oo. j% jLfuwfto rrwr vn^n * cna coitnmcfwnt ana xjyvojen wng^ tuea for gauging 
ike Water the Greet bHng &B/eet above theAoor of the Wheel Pit, The FaUe ehaw the 
dlffkrenee of heade in the Forebay and Wheel Pit, For further detaHty eee Franei^ 
Lowell HydrauUe Experimented pp,l to iS, The eupply pipe i» fuUy a ^juadranty and 
varies from 9 to 9 feet in diameter. 
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TABLE for Turbines of different Diameters^ modified from Francis, 
operating with different FaUs ; awuming the uteful effect is 
eeventy-five per cent, of the power &Bpended^ that the Velocity of the 
Interior Cvrcumference is fifty-9ix per cent, of the Velocity due 
to iheFaU; and that also, the Height between the Croums is ime^ 
tenth of the Outside Diameter. 
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80 


17-88 


7*6 


69 


27*9 


11*9 


47 


6 


4-9 


2-5 


186 


11-0 


6*6 


88 


19*6 


10*0 


66 


30*6 


16-6 


61 


7 


d-3 


8-1 


146 


11-9 


7*1 


96 


21*17 


13*6 


70 


33-1 


19*7 


65 


8 


6-7 


8-8 


166 


12-7 


8*7 


102 


22*63 


16*4 


76 


36*3 


24*0 


59^ 


9 


6-0 


4-6 


166 


13-6 


10*8 


108 


2400 


18*4 


79 


37*6 


28*7 


68 


10 


6-8 


5-4 


174 


14-2 


12*1 


114 


26*30 


21-6 


84 


39*6 


83*6 


66 


11 


8-6 


6-2 


188 


14-9 


13-9 


119 


36*63 


24-8 


88 


41*6 


38*8 


69 


la 


6-9 


7-1 


191 


16-6 


16*9 


126 


37*71 


28-3 


92 


48*3 


44-2 


72 


13 


7-2 


8-0 


199 


16-2 


17*9 


130 


28*84 


31-9 


96 


46*1 


49*8 


76 


14 


7-5 


8-9 


206 


16 8 


20*0 


136 


29*93 


36*6 


99 


46*8 


65*7 


78 


\5 


7-7 


9-9 


218 


17-4 


2^2*2 


139 


30*98 


89-6 


103 


48-4 


61*7 


81 


16 


8-0 


10-9 


220 


18-0 


24*6 


144 


82*00 


43-6 


106 


60*0 


68-0 


83 


17 


8-2 


11-9 


227 


18-6 


26-8 


148 


82*99 


47*7 


109 


51*6 


74*6 


86 


18 


8-6 


18-0 


234 


19-1 


29*2 


163 


33*94 


61*9 


113 


530 


81*1 


88 


10 


8-7 


14-1 


240 


19-6 


31*7 


167 


34*87 


66*3 


116 


64*6 


88*0 


91 


20 


8-9 


16-2 


247 


20-1 


34*2 


161 


86-78 


60-8 


118 


66*9 


95*0 


93 


31 


9-2 


16-4 


263 


30-6 


36-8 


166 


36*66 


66-4 


121 


57-3 


102*3 


96 


22 


9-4 


17-6 


269 


2M 


89*6 


169 


37*62 


70*2 


124 


68*6 


109-6 


98 


23 


9-6 


18-7 


264 


21-6 


42-2 


172 


88*37 


76-0 


127 


69*9 


117-3 


100 


24 


9-8 


20-0 


270 


220 


46*0 


176 


39*19 


79*9 


180 


61-2 


124*9 


103 


25 


100 


21-2 


276 


22*6 


47*8 


180 


40*00 


86-0 


133 


62*6 


132-8 


104 


26 


10-2 


22-5 


281 


229 


60-7 


183 


40*79 


90-1 


136 


63-7 


140-9 


106 


27 


104 


23-8 


286 


23*4 


63*7 


187 


41*67 


96*4 


138 


660 


1491 


108 


28 


10-6 


25«2 


292 


23*8 


66*7 


190 


42*88 


100*7 


140 


66*1 


157-4 


110 


29 


10-8 


26-6 


297 


24*2 


69-7 


194 


43*08 


106-2 


143 


67*3 


166-9 


112 


^ 


10-9 


37-9 


802 


34*6 


62*8 


197 


43*82 


111-7 


146 


68*6 


174*6 


114 


SI 


IM 


29-3 


807 


26*0 


66*0 


200 


44*64 


117*4 


147 


69-6 


188*4 


116 


m 


11-3 


80-8 


812 


36*6 


69-3 


208 


46*36 


123*1 


160 


70*7 


192-3 


118 


38 


11-5 


82*2 


817 


26*8 


73*6 


207 


46*96 


128*9 


162 


71*8 


201*4 


120 


u 


11-7 


33-7 


321 


36*3 


76*8 


210 


46*66 


134-8 


164 


72*9 


210*6 


123 


95 


11-8 


86-a 


326 


26*6 


79*2 


313 


47*33 


140*8 


157 


78*9 


220*0 


123 


36 


12-0 


36-7 


331 


27*0 


82*6 


216 


48-00 


146*9 


169 


76*0 


229-6 


135 


37 


12-2 


38*3 


836 


27-4 


86*1 


219 


48*66 


163*0 


161 


76*0 


239*1 


127 


t8 


12*3 


39-8 


340 


27*7 


89*6 


222 49*32 


169*3 


168 


77-0 


348*9 


139 


39 


12*$ 


41-4 


344 


28*1 


93*3 


326 49*96 


166-6 


166, 


78*1 


368*8 


130 


40 


12« 


48-0 


849 


^•6 


96-8 


227 60-60 


172*0 


I67i 


79-1 


268-8 


132 
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TABLE of Turbines of different Diameters, modified from Francis, 
operating witii different Falls; asmming the useful effect is 
seventy-fm per cent, of the power expended, that the Velocity of 
the Interior Circumference is fifty-six per cent, of the Vdocily due 
to the Fall, and that also, the Height between the Crowns is one- 
tenth of the Outside Diameter. 



Ootalde diameter 

Xnalde 

VvoBobtg 



6ft. 



Oataid« diameter 7 ft| 
Inside n A**^ I 



Ootflde diameter t It. 



Ontalde diameter 10 ft. 
Inside H >'^ I' 
llvmber of imdwta m. 



6 


40-2 


171 


6 


44-1 


22-6 


7 


47-6 


28-8 


S 


60-9 


84-6 


9 


64-0 


41-8 


10 


66*9 


48-4 


11 


69-7 


66-8 


12 


62-4 


68-6 


18 


64-9 


71'7 


14 


67-8 


80-1 


16 


69»7 


88-9 


16 


720 


97-9 


17 


74-2 


107-2 


18 


76-4 


116-8 


19 


78*6 


126-7 


20 


80-6 


186-8 


21 


82*6 


147-2 


28 


84-4 


167-9 


28 


86*8 


168-8 


24 


88<2 


179-9 


26 


90-0 


191-2 


26 


91-8 


202-8 


27 


98-6 


214-6 


28 


96<2 


226-7 


29 


96-9 


288-9 


80 


98-6 


261-4 


81 


1003 


264-1 


82 


101-8 


277-0 


88 


103-4 


2900 


84 


106-0 


803-8 


86 


1066 


816-8 


86 


108-0 


830-6 


87 


109-6 


844-8 


88 


111-0 


868-4 


89 


112-4 


372-6 


40 


118-8 


387-1 



88 
42 
46 
48 
61 
64 
67 
69 
62 
64 
66 
69 
71 
78 
76 
77 
79 
80 
82 
84 
86 
87 
89 
91 
92 
94 
96 
97 
98 
100 
101 
108 
104 
106 
107 
108 



64-8 
60-0 
64-8 
69-3 
73-6 
77-6 
81-3 
84-9 
88-3 
91-7 
94-9 
98-0 



28-3 

30-6 

38-6 

47-1 

66-2 

66*9 

760 

86-6 

97-6 

109-1 

121*0 

133-3 



101-0146-0 



108-9 
106-8 
109-6 



169*0 
172-6 
186-3 



112-3200-4 



114-9 
117-6 
1800 



814-9 
229-7 
244-8 



122*6260-3 



124-9 
127-3 



2761 
292-2 



129-6308-6 



131-9 
134-2 
136-4 



326-2 
342*2 
369-4 



140-7 
142-9 



147-0 



164-9 



188-6877-0 



394-8 
413-9 



144-9431-2 



449-8 



149-0468-7 
161-0487-8 
168-0607-2 



626-8 



32*6 
86-6 
38-4 
41-1 
43-6 
46-0 
48-2 
60-3 
62-4 
64-4 
66'8 
68-1 
69-9 
61-7 
63-? 
65-0 
66-6 
68-2 
69-7 
71-2 
72-7 
74-1 
76-6 
76-9 
78-3 
79-6 
80-9 
82-2 
88-6 
64-7 
860 
87-2 
88-4 
89-6 
90-8 
91-9 



71-6 

78-4 

84-7 

90-6 

96-0 

101-2 

106-1 

110-8 

116-4 

119-7 

128'9 

128-0 

131-9 



30-4 

40-0 

60-4 

61-6 

73-4 

86-0 

99-2 

113-1 

127*6 

142-6 

168*0 

1741 

190-6 



136-8207-7 
139-6226-3 
143-1243-3 
146-6261-7 
160-1280-7 
163-6300-0 
166-8319-8 
160-0340-0 
163-2360-6 
166-3381-6 
169-3403-0 
172-3424-8 



176-3 
178-2 



446-9 
469-6 



181-0492-4 



188-8 
186-6 



1920 



197-3 



516-6 
689-2 



189*3 563-2 



687-6 



194-6612-2 



637-1 



199-8 662-5 
202-4688-1 



28-1 
80-8 
33-3 
35-6 
37-8 
39-8 
41-7 
43-6 
46*4 
47*1 
48-7 
60*3 
61-0 
53-4 
54*9 
56-3 
67-7 
69-0 
60-4 
61*7 
62-9 
64-2 
66-4 
66-6 
67-8 
68-9 
701 
71-2 
72-3 
73-4 
74-6 
76*6 
766 
77-6 
78-6 
79-6 



111-8 

122-6 

132-3 

141-4 

1500 

168*1 

165-8 

173-2 

180*8 

187-1 

193*6 

2000 

206-2 

212-1 

217-9 

223-6 

229*1 

234-5 

239-8 

244-9 

250-0 

264-9 

259-8 

264-6 

269-3 

273-9 

278-4 

282-8 

287-2 

291-6 

296-8 

300-0 

304-1 

308-2 

312 

816-2 



47-6 
62-6 
78-7 
96-2 
114-7 
184-4 
166 
176-7 
199*2 
222-6 
246-9 
272-0 
297-9 
824-6 
862*0 
380-1 
4090 
488-5 
468-8 
499-7 
631-2 
663-4 
596-3 
629-7 
668-7 
698-3 
733-5 
769-8 
805-7 
842-6 
880-0 
918-0 
956-6 
996-5 
1 
1076-2 



21036-3 



22*1 
24-2 
26-2 
28-0 
29*7 
81*8 
82-8 
84-3 
35-7 
37*0 
38*3 
39-6 
40-8 
42-0 
48*1 
44-3 
45-4 
46*4 
47-6 
48*6 
49-5 
60-5 
61«4 

4 
53*8 
54«8 
65-1 
66-0 
56-9 
67-7 
68*6 
59-4 
60-2 
M-0 
61^ 

6 
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The hydraulio ram has been applied with advan- 
tage in raising water to a considerable height by the 
momentum of a larger quantity at a lower level. 
The shock of the valves, and vibration of the ma- 
chine, require heavy and strong setting, and con- 
siderable strength in all the parts. This limits its 
application, and prevents its use for raising large 
quantities of water. The work done by the ram, in 
over one thousand experiments by Eytelwein, did 
not exceed in any of them 1480 lbs. raised one 
foot in one minute ; and in France^ the ram put 
up by the younger Montgolfier, said to be the 
largest constructed, raised only 7400 lbs. one foot 
high per minute, and had a useful effect, it is re- 
ported, of *65. This ram was put up at Mello, near 
Clermont^sur^Oise. Its dimensions were — 

Length of the body pipe or injection pipe 108 feet. 
Diameter •;•..•• 4*8 inches. 
Weight of body pipe .... 8190 lbs. 
Weight of head . . . . , 440 lbs. 
Contents of air-chamber . • . Ij^ gaUons. 

This rain worked under a head of 37 feet, discharg- 
ing i^ use 31i gallons each minute, and raising 
3-85 gallons a height of 195 feet 

The largest ram employed by Eytelwein in his ex- 
periments had the following dimensions — 

Length of thq body pipe or injection pipe 43 feet 9 inches. 
Diameter of ditto . . . .0 feet S^ inches. 
Contents of air-chamber . . ; 1*94 gallons. 
Area of tail or escape valve . • * 3*74 square inches ; 

and his experiments led to the following practical 
formula by P^Aabuisaon-<»^ 
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m 



^=l'42_«28v/;j: 

m which D is the water dsed per minute in gallons, 
d the quantity raised in gallons, h the head used, 
and h' the lift of the quantity d. By a slight re* 
duction we get 

dh' = Vi2 J> (h^ ^28 s/hW) 
for the effect produced^ which is reduced nearly one* 
sixth for practical application, giving the formula 

rfA'=l-2D(A--2\/AA0 
for the work done. 







EXFEBIMBNTAL BESULTSr— HTBBIULIO BAlf. 






Knmbtt 
of 


Height in feet 
of 


Batloof 
lieJ^te. 


OaUons of water per 
mlniite. 


Bfttio 


Dh 
Tk 


Bgio 

r 
















n£^ 




Eleratien 
1^ 


T 


Expended 
J) 


Baieed 
d 


Ezperi- 
menta. 


FotmiiU. 




Pt la. 


Ft Ll 














66 


icy 0' 


26' 4* 


2-63 


10-65 


3-89 


•9 


•97 


2^92 


64 


*io d 


83 4 


8-18 


13-97 


8*83 


•873 


•92 


8-67 


60 


"o 11 


88 8 


8-9 


12-0] 


2*622 


•85 


•87 


4-58 


6d 


8 


82 4 


4- 


8-16 


1-687 


•847 


•86 


4-72 


46 


8 


88 8 


4-4 


10-86 


2-09 


•845 


•84 


6^2 


4a 


r 6 


88 8 


5-21 


9-92 


1-6 


•787 


•78 


6-62 


86 


6 


88 8 


6-5 


8-89 


1-06 


•754 


•71 


8-62 


26 


4 6i 


32 4 


7-2 


5-23 


-495 


•672 


•67 


10-7 


81 


6 


88 7 


7-7 


805 


•704 


•667 


•66 


11-64 


33 


4 1 


38 8 


9-47 


11-11 


•649 


•548 


•66 


17-2 


17 


8 


82 2 


10-7 


10-8 


•479 


•478 


•51 


22-6 


15 


3 8 


88 8 


11-9 


12-84 


•863 


•862 


•45 


83-8 


14 


3 6 


38 8 


16-5 


11-96 


•22 


•284 


•32 


54-6 


10 


111} 


88 8 


19*3 


9-81 


•088 


•181 


•18 


106^6 


»• * - 


1 • - 


' • 










- 
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Eytelwein recommends, that the length of the 
body pipe shonld not be less than three-fourths of 
the height to which the water is to be raised ; its 
diameter in inches equal '58 v/F; the diameter of 
the rising pipe *3 v^d* ; and the contents of the air- 
chamber equal to that of the rising pipe. 

The following table gives the result of experiments 
made by Montgolfier and his son : — 

TABLE or EZFSRIKE17TAL BEST7LT8— HTSBAULIC BAX. 



H«i^t 


Water per Minnta. 


dh 

5\T 


MeanBatto 
dhf 










Fan 
h 


ElATttlon 
h 


Expended 
D 


DeUvered 
d 


Dh 


Dh 


Ft. In. 


Ft. In. 


Oallona. 


OaQona. 






8' 6» 


6a' 8" 


15 


1-87 


•67 


• • 


37 d 


195 


81 


8-85 


•668 


• • 


34 9 


111 11 


18-5 


3-74 


•651 


•66 


8 3 


U U 


487 


69*18 


•629 


• • 


ftS 10 


196 10 


d-86 


oaa 


•671 


« • 



Latterly^ the Messrs. Easton and Amos have 
patented improvements in this machine, and have 
raised water to a height of 330 feet. The iiyection 
pipe is laid by them at an inclination of about one 
in four for high falls, and varies down to one in 
eighteen for smaller falls. The quantities raised in 
their practice vary up to six gallons per minute. 

Water pressure engines give a useful effect 
varying up to 70 per cent, for the best constructed. 
An immense amount of mechanical skill and inven- 
tion has been brought to bear on their construc^on^ 
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and in Weisbacli's book* a nsefal effect of 83 per 
cent has been calculated ; this is, however, a result 
seldom obtained in practice, where two-thirds, or 66 
per cent, is nearer to the general efficiency. Jordan 
got a maximum efficiency of '66 from one of the 
Clausthal engines, making four strokes per minute, 
and *71 making three strokes per minute. These re- 
sults were for the combined engine and pumps, from 
which it was calculated that the efficiency of the 
engine alone, was in the first case -83, and in the 
second '86. It would be a great mistake to calculate 
on such high efficiencies. 

GoBK HILLS will grind about a bushel of com per 
horse-power per hour, but much depends on the state 
of the stones and of the grain. The value of the work 
done in an hour being once known^ the value of the 
standard horse-power can be determined accordingly. 

♦ Vol. u., p. 342. 
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TABLE L'^-'CoefficienU of Discharge from Square and di^eret^ 
proportioned Rectangular Lateral Orifices in thin Vertical Plaies, 
arranged from Poncelet and Lesbros. 



Ml 
ill 


. 


Square oriflM 


Beotaoffnlar 
oriftoeS^Xi*. 


OriflM s^xy. 


11 


BadooftlMBldM 
liol. 


BctiooCtlMaiaM 

atoi. 


XatioofllMai4«a 
4tol. 


1 




if 


!■! 


1 




0-000 






•619 




•667 




•713 


0197 


•026 




•697 




•630 




•668 


0-dd4 


•060 




•696 




•618 


•607 


•642 


0-691 


•076 




-694 


•693 


•616 


•612 


-639 


0-787 


•100 


-672 


•694 


-696 


•614 


•616 


•638 


1-181 


•160 


•678 


•598 


•600 


•613 


•620 


-637 


1-576 


•200 


•582 


•698* 


•603 


•612 


•628 


•686 


1969 


•260 


•686 


•693 


•606 


-612* 


•625 


-686 


2-802 


•300 


•687 


•694 


•607 


•613 


-627 


•635 


2-766 


•360 


•588 


•594 


-609 


-613 


•628 


•635 


3*160 


•400 


•689 


'594 


-610 


•613 


•629 


•635 


8-646 


•460 


•591 


•696 


•610 


•614 


-629 


•634 


8-937 


•600 


-692 


•696 


•611 


-614 


-630 


•684 


4-724 


•600 


-693 


•596 


•612 


•614 


•630 


•683 


6-612 


•700 


-695 


•697 


•613 


-614 


•630 


•682 


6-299 


-800 


-596 


•697 


•614 


•616 


•631» 


•631 


7-087 


•900 


-697 


•698 


•615. 


•616 


-630 


•631 


7-874 


1-000 


-598 


*699 


•615 


-616 


•630 


-630 


9-848 


1-260 


•599 


•600 


•616 


-616 


•680 


-630 


11-811 


1-600 


•600 


-601 


•616. 


-616 


•629 


•629 


16-748 


2-000 


•602 


•602 


-617 


•617 


-628 


•629 


19-686 


2-600 


•603 


•603 


•617* 


•617< 


•628 


•028 


23-622 


3000 


-604 


•604 


•617 


-617 


•627 


•627 


27-660 


3-500 


-604 


•604 


•616 


-616 


•627 


•627 


81-497 


4-000 


•606 


•606 


-616 


•616 


•627 


•627 


36-434 


4-500 


•606» 


-605* 


-616 


-615 


•626 


-626 


39-371 


6-000 


•606 


•606 


•616 


•615 


•626 


•626 


43-307 


6-500 


•604 


•604 


•614 


•614 


•626 


•625 


47-245 


6-000 


-604 


•604 


•614 


•614 


•624 


•624 


51-182 


6-600 


-603 


•603 


•613 


•613 


•622 


•622 


66-119 


7-000 


-603 


•603 


•612 


•612 


-621 


•621 


69-066 


7-500 


-602 


-602 


•611 


•611 


•620 


■620 


62-993 


8-000 


•602 


•602 


-611 


•611 


•618 


•618 


66-930 


8-500 


•602 


-602 


•610 


•610 


•617 


•617 


70-867 


9-000 


•601 


•601 


•609 


•609 


•616 


•616 


74-806 


9-600 


-601 


•601 


•608 


•608 


•614 


•614 


78-742 


10-000 


-601 


-601 


-607 


-607 


-613 


•614 


118-112 


15-000 


•601 


•601 


•603 


•603 


•606 


•606 



See pages 71, 72, and 78* 
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TABLE L-^CoefficienU of Discharge from Square and differently 
proportioned Bectangidar Lateral Orifices in thin Vertical PlateSg 
arranged from Poncelet and Leshros. 



Beotaaffolar 
otttoeiOCl'ld'. 


Battooftheddes 


Bectangnlar 
orilloe 80C 04*. 


S 


■'1 


Brtlooftbeeidflfl 


Batlo of the sides 




Sf 


7tol 


Dearly. 


lOtol. 


aotoi. 


pi' 


1^ 






1'^ 


ll 


H 




•766 




•788 




•796 








•726 




•760 


•706 


•778 


•026 


0-197 


•680 


•687 


•660 


'720 


•701 


•762 


•060 


0-894 


•682 


•674 


•660 


•707 


•697 


•746 


•076 


0-691 


•684 


•668 


•660 


•697 


•694 


•729 


•100 


0-787 


•688 


•669 


•669 


•686 


•688 


•708 


•160 


1-181 


•640 


-664 


•668 


•678 


•683 


•696 


•200 


1^675 


•640» 


•661 


•668 


•672 


•679 


•686 


•260 


1-969 


•640 


•647 


•667 


•668 


•676 


•681 


•800 


2862 


•689 


•646 


•666 


•666 


•678 


•677 


•860 


2-756 


•688 


•648 


•666 


•662 


•670 


•676 


•400 


3-160 


•687 


•641 


•666 


•669 


•668 


•672 


•460 


8-648 


•687 


•640 


•664 


•667 


•666 


•669 


•600 


8-937 


•636 


•687 


•663 


•666 


•668 


•666 


•600 


4^724 


•686 


•686 


•661 


•658 


•660 


•661 


•700 


6-612 


•684 


•686 


•660 


•661 


•668 


•669 


•800 


6^299 


•634 


•684 


•649 


•660 


•667 


•667 


•900 


7^087 


•688 


•688 


•648 


•649 


•666 


•666 


1-000 


7^874 


•682 


•682 


•646 


•646 


•668 


•668 


1-260 


9-848 


•682 


•682 


•644 


•644 


•660 


•661 


1^500 


11-811 


•681 


•681 


•642 


•642 


•647 


•647 


2^000 


16-748 


•680 


•680 


•640 


•640 


•644 


•646 


2-600 


19-686 


•680 


•680 


•688 


•688 


•642 


•648 


8^000 


28-622 


•620 


•629 


•687 


•687 


•640 


•640 


8-600 


27-660 


•620 


•629 


•686 


•686 


•687 


•687 


4^000 


81-497 


•628 


•628 


•684 


•634 


•686 


•636 


4-600 


86-434 


•628 


•628 


•638 


-688 


•682 


•632 


6-000 


89-371 


•627 


•627 


•681 


•681 


•629 


•629 


6^600 


48-307 


626 


•626 


•628 


•628 


•626 


•626 


6^000 


47^246 


•624 


•624 


•626 


•626 


•622 


•622 


6-600 


61182 


•622 


•622 


•622 


•622 


•618 


•618 


7000 


66-119 


•620 


•620 


•619 


•619 


•616 


•616 


7-600 


69-066 


•618 


•618 


•617 


•617 


•618 


•613 


8^000 


62-993 


•616 


•616 


•616 


•616 


•612 


•612 


8-600 


66-930 


•615 


•616 


•614 


•614 


•612 


•612 


9^000 


70-867 


•618 


•618 


•612 


•612 


•611 


•611 


9-600 


74^806 


•612 


•612 


•612 


•612 


•611 


•611 


10000 


78-742 


•608 


•608 


'610 


•610 


•609 


•609 


16-000 


118-112 



See pages 71, 72, and 78. 
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TBE DiaGBABOS OF VATEB BHQK 



TABLE n. — For finding the Velocitiei from the Altitudes, and Ae 
Altitudes from the Velocities. 
Altitades feet ^ inch to feet ^ inches. 



1 



CoeffloleBte of Telooity, and the oorrespondiiig TdodliM c 
dlMharge tai InohM per Moond. 



6 












































01 

OH 

\\ 

2* 

3i 
8» 
8* 




278 
8-48 
6-96 
9829 
12 038 
13-900 
16641 
17 024 
18-388 
19*668 
20 860 
21-978 
28051 
24076 
25069 
26006 
26-917 
27-800 
29-486 
81-081 
82-698 
84048 
86-438 
36-776 
88-067 
39-316 
40*626 
41-700 
42-843 
43-966 
45-041 
46-101 
47-137 
48-161 
49-144 
60117 
51072 
62009 
62-930 
63-834 
64 726 



III 



2-71 
3-38 
6-77 
967 
11-72 
13-64 
16-14 
16-68 
17-91 
19 16 
20-31 
21-41 
22-46 
23-46 
24-41 
26-83 
26-22 
2708 
28-72 
30-27 
8176 
3319 
34 62 
3582 
37 08 
38'29 
89-47 
40-62 
41-73 
4281 
43-87 
44*90 
46*90 
46*90 
47-87 
4881 
49*74 
60 66 
6166 
6243 
63-30 



2*66 
332 

6-64 
9-40 
1161 
1329 
1486 
16-27 
17-68 
18-79 
19-93 
2101 
22-04 
23-02 
24-00 
24-86 
25-73 
26-68 
28-19 
29-71 
3116 
32-68 
33-88 
36 16 
36 39 
37-69 
38-74 
39 87 
40*96 
42-02 
43-06 
4407 
4606 
46*03 
4698 
4791 
48 82 
49-72 
50-60 
51*47 
62-32 



2*39 
2*99 
5-98 
8-45 
10 36 
1196 
13-36 
1464 
16-81 
16-91 
1793 
18-90 
19-82 
20-70 
21-65 
22*36 
23*15 
23*91 
26*36 
26-78 
28-03 
29-80 
30-48 
81*63 
3274 
33-81 
34*85 
36*86 
86*84 
87-80 
88-74 
89-65 
40*64 
41-41 
42-26 
43-10 

43 92 

44 73 
4o-62 
46-30 
47-06 



2*27 
2*83 
5*66 
8-01 
9-81 
11*33 
12-67 
13 87 
1499 
16*02 
1699 
17-91 
18*79 
19-62 
20*42 
2119 
21*94 
22*66 
24-03 
25 33 
26-67 
27-75 
28-88 
29*97 
8102 
32*04 
8303 
83 99 
34-92 
85-82 
86-71 
87 57 
88-42 
89*24 
40-05 
40-85 
41-62 
42 39 
4314 
43-88 
44-60 



Ml 



2-22 
2 78 
5-66 
7-86 
9*63 
111-2 
12*43 
13*62 
1471 
1673 
16*68 
17-68 
1^44 
1926 
20*05 
20 80 
21*53 
22-24 
23-69 
24*87 
2808 

27 26 

28 35 
29-42 
80-45 
31-45 
82 42 
83*36 
84 27 
8616 
3608 
86*88 
37-71 
88*52 
89-32 
40-09 
40 86 
4161 
42-34 
43-(»7 
4378 
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TABLE n.—Far finding the VelocUUsfrom the AUii^udes, and the 

AUitudea from the Velocities, 

Altitudes feet ^ inch to feet ^ inches. 



CmI 




1 

1 






diMluffge in isehes per MeoBd. 






«-? 


pi 


^'%i 


^^^ 


>t 


111 






rf »| 




la Veloei 
V = 17-168 
Coefficient 






196 


1-86 


1-76 


1-72 


1-68 


1-62 


^tU 




2-48 


2-81 


2-l» 


215 


211 


203 


O^T 




487 


4-68 


4-36 


4-29 


4-21 


4-06 


«A 




6-88 


666 


6-17 


6-06 


5-96 


6-74 


or 




8*48 


802 


756 


7-43 


7-29 


7-08 


Vff 




9*78 


926 


8-73 


8-58 


8-42 


8 12 


oV 




10-88 


10-86 


9-76 


9-59 


9-42 


9 08 


^ v« 




1192 


11-24 


1069 


10-50 


10-32 


904 


of 




12-87 


1226 


1155 


11-35 


1114 


10-74 


Oi^ 




13-76 


1207 


1234 


1213 


11-91 


11-48 




14 60 


13-89 


1809 


1286 


12-64 


1218 


o\ 

oP 




16-38 


14 64 


13-80 


1356 


13-32 


12-84 




1614 


15-86 


14 48 


1422 


13-97 


13*46 


-i 




1686 


1608 


1512 


1485 


14-59 


1406 


or 




17-64 


16*60 


16-74 


1546 


1519 


14-63 


04 




18-20 


17-32 


1633 


1604 


15-76 


15-09 


of 
0.4 




18-84 


17-98 


1690 


16-61 


16-31 


15-72 




19-46 


1861 


17 46 


1715 


16-85 


16 24 


l^"* 




20-64 


19-64 


18-52 


1819 


17-87 


17-22 


1} 
1 




21-76 


20-70 


19-52 


1918 


18-84 


18 15 




22-82 


21-71 


20-47 


20-11 


19-76 


19-04 


12 




28-86 


22-69 


21-88 


2101 


20-68 


19-88 


u 




24-81 


28-60 


22-26 


21-87 


21-48 


20-70 


If 




2674 


24-49 


28-10 


22-69 


22-29 


21-48 


If 




26-66 


26-86 


28-91 


28-49 


28-07 


22-23 


U 




27 62 


26-18 


24-69 


24-26 


28-82 


22-96 


2 




28-37 


2699 


25 46 


2500 


24-60 


28-67 


2| 




2919 


27-77 


2619 


25-73 


25-27 


24-36 


2| 




29-99 


28-68 


26-91 


26 48 


25-96 


2602 


2i 




80-77 


29-27 


27-60 


2712 


26-64 


26-67 


2i 

2! 




8168 


80 00 


28 29 


27 79 


27-29 


26-80 




32-27 


30-70 


28-95 


28-44 


27-94 


26 92 


2} 




83 00 


31-39 


29-60 


29-08 


28-57 


27-53 


2i 




8871 


32-07 


30-24 


29-71 


2918 


28-12 


8 




84-40 


32-73 


30-86 


80-32 


29-78 


28-70 


3i 




86 06 


33-38 


81-47 


80-92 


30-37 


29-27 


Si 

31 




85-76 


3401 


82-07 


31-51 


80-95 


29-83 




8641 


34-64 


82-66 


3209 


81-52 


80 37 


Si 




37-06 


35-26 


38-24 


3266 


32-08 


30-91 


85 




87 68 


35-86 


33 81 


33 22 


32-62 


31-44 


dl 




8881 


36 46 


34-37 


33-77 


33-16 


3196 


3i 
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THE DISCHABOE OF WATKB FBOM 



TABLE IL— For finding the Velocities from the AUUudee, and the 

AUil^idesfrom the Velocities. 

Altitades feet 4 inches to 1 foot 



1 






diflobttge in iAdiM p«r MOimd. 






"\ 


^ 


Ml 


"1 


iij 


^ 


^l^^ 


ol »| 


05 »| 


^ »| 


^il 


«5 *1 


6 i 


65*600 


54-15 


58-16 


47-82 


45-81 


44-48 


4J 


56*462 


54-99 


58*98 


48-66 


46-02 


4517 


41 


57-811 


56-82 


54-79 


49-29 


46-71 


45-85 


4f 


58-148 


56-64 


55*59 


50-01 


47-89 


46-52 


4J 


58-978 


57-44 


56-88 


50-72 


48-06 


47-18 


4f 


59-786 


58-23 


5716 


51-42 


48-73 


47-83 


4f 


60-589 


59-01 


57-92 


52-11 


49-88 


48-47 


4f 


61-368 


59*77 


58*67 


52-78 


50-02 


49-09 


5 


6-2163 


60-55 


59*43 


53-46 


50*66 


49-78 


5( 


62*935 


61-30 


60-17 


54-12 


51-29 


50-85 


6i 


63*698 


62-04 


60-90 


54-78 


51-91 


50-96 


61 


64-462 


62-78 


61-62 


55-43 


62-63 


51-66 


6} 


65*197 


63-50 


62*33 


5607 


53-14 


5216 


6« 


66-933 


64-22 


63-08 


56-70 


63-74 


52-75 


5} 


66*662 


64-93 


63-73 


67*38 


54-33 


53-38 


6} 


67*383 


66*68 


64-42 


57-96 


54*92 


68-91 


6 


68-096 


66-38 


66-10 


68-66 


56-60 


64-48 


6i 


69*600 


67-69 


66-44 


59-77 


66*64 


55-60 


ei 


70-876 


69*08 


67-76 


60*95 


67-24 


56-70 


6i 


72-227 


70-35 


69-05 


62-11 


58-86 


57-78 


7 


78*552 


71*64 


70-82 


63-25 


59*95 


58-84 


7i 


74*854 


72-91 


71-56 


64-37 


61-01 


59-88 


7} 


76*188 


74-16 


72-78 


65-47 


62-05 


60-91 


7* 


77-892 


76-38 


78-99 


66-56 


6307 


61-01 


0» 8 


78-680 


76-59 


75-17 


67-62 


64-08 


62-90 


8i 


79-849 


77*77 


76-84 


68-67 


65*08 


68-88 


8} 


81-050 


78-94 


77-48 


69-70 


66-06 


64-84 


8| 


82-234 


80-10 


78-62 


70-72 


67-02 


6579 


9 


83-40 


81-23 


79-78 


71-72 


67-97 


6672 


Oi 


84-660 


82-85 


80-88 


72*71 


68-91 


67-64 


0} 


8d'685 


83-46 


81-92 


73*69 


69-88 


68-55 


9} 


86-806 


84-55 


82-99 


74-65 


70*76 


69-44 


10 


87-911 


86-63 


84-04 


75-60 


71-65 


70*83 


lOi 


89-004 


86*69 


8609 


76-54 


72-54 


71-20 


10 


90-082 


87*74 


86-12 


77-47 


78*42 


72-07 


la 


91148 


88*79 


87-14 


78-39 


74*29 


72-92 


11 


92*202 


89*80 


88-16 


79*29 


7614 


78-76 


11} 


98*244 


90*82 


89-14 


80-19 


75*99 


74-69 


11} 


94-274 


91-82 


90.18 


81-08 


76*83 


75-42 


llf 


96*294 


92*82 


91.10 


81-95 


77-66 


76-23 


1 


96*302 


93*80 


92.06 


82*82 


78-49 


77-04 
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TABLE IL— For finding the VdocUAe^ from the Altitudes, and the 

AUUudesfrom the Velocities, 

Altitudes feet 4 inches to 1 foot. 





» 1 




discharge in Inches per second. 




^?i 


"! 


III 


111 


111 


11 




a5 i| 


^'4 


Si| 


di| 


:!:| 


^ 


88-92 


87-08 


84-92 


84-81 


88-69 


32-47 


6 I 


39-52 


37-60 


85-46 


84-84 


84-22 


32-97 


4J 


40-12 


38-17 


85-99 


85-86 


34-73 


33-47 


4J 


40-70 


38-78 


86-62 


85-88 


36-24 


83-96 


4f 


41-28 


89-28 


8708 


36-39 


35*74 


84*44 


4} 


41*85 


39-82 


87-55 


36-89 


36-23 


84-92 


4t 


42-41 


40-35 


88-05 


37-88 


36-72 


35-38 


^ 

4} 


42-96 


40-87 


88*54 


87-86 


87-19 


35-84 


48-51 


41-40 


8904 


88*36 


87-67 


86*80 


5 


44-05 


41-91 


89*52 


38-83 


38-14 


36-76 


5i 


44*59 


42-42 


40-00 


89-80 


38-60 


87-20 


5} 


4512 


42-92 


40-48 


89-77 


8906 


37-64 


5f 


45-64 


48*42 


40-94 


40-23 


89-61 


38-07 


6^ 


46*15 


48-91 


41-41 


40-68 


39*96 


38*51 


5f 


46-66 


44-40 


41-86 


4M8 


40-40 


38-98 


6} 


47-17 


44*88 


42-82 


41-68 


40-83 


89*85 


5i 


47-67 


46*85 


42-76 


42-02 


41-27 


89-77 


6 


48-65 


46-29 


48-65 


42-88 


42*12 


40-59 


6jt 


49-61 


47-20 


44*51 


48-73 


42-96 


41-39 


6^ 


50-56 


4810 


45-86 


44-56 


43*77 


42-18 


of 


51-49 


48*99 


46-19 


46-88 


44-67 


42-96 


7 


52-40 


49*85 


47-01 


4618 


45-36 


48-71 


71 
7} 


48-29 


50-70 


47-81 


46-97 


4614 


44*46 


5417 


51*54 


48-60 


47-75 


46-90 


45-20 


7t 


55*04 


52*87 


49-38 


48-51 


47.65 


45*92 


8 


55*89 


5818 


50-15 


49-27 


48-39 


46-68 


8i 


66-74 


58-98 


50*90 


50-01 


4912 


47*38 


8J 


57-56 


54*77 


51*64 


50-74 


49-88 


4802 


8f 


58-88 


55-54 


52-38 


51-46 


60-64 


48*71 


9 


59-19 


66*31 


53-10 


52-17 


61*24 


49*38 


91 


59-98 


57-07 


58*81 


52-87 


51-98 


50-04 


9} 


60-76 


57-81 


54-51 


63-66 


52-60 


60*69 


9} 


61-64 


58*55 


56-22 


54*24 


53*27 


51-84 


10 


62-80 


59-28 


65-89 


54-92 


53-94 


51-98 


lOi 


6806 


6000 


56-57 


65-68 


54-69 


52-61 


lOi 


68-80 


60-70 


67-24 


56-24 


66-24 


53*23 


lOf 


64-54 


61-41 


67-90 


66-89 


56-87 


68*86 


11 


66-27 


6210 


58*66 


57-58 


66-51 


54-45 


lU 


66-99 


62-79 


59*70 


58-17 


57*13 


6606 


m 


66-71 


63-47 


60-84 


68-80 


57-75 


56-65 


111 


67-41 


64-14 


60-48 


59-42 


58*36 


66*24 


1 
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THE BISCHASGE OF WATEB FBOM 



TABLE n.— For finding the Velocities from the AUbtudu, and tke 

AUxtuies from the Vdocitiee. 

Altitudes 1 foot 0} inch to 5 feet 3 inches. 



1 

ii 






dlMbwge in iaohM p«r MOODd. 






I^g 


^^ 


^^i 


4 


^-.g 


j^ 




41 


Pi 


Mi 


a 


? ^ 


It f 






ni 


■ f 




r4 nli 


e4 »| 


M »| 


-* *1 


«> »| 


^ » J 


i &j 


98-268 


96-78 


93-96 


84-63 


8010 


78-08 


1 1 


100-234 


97-63 


96-82 


86 20 


81-60 


80-19 


1 li 


102144 


99-49 


97-66 


87-84 


83-25 


81-71 


1 2 


104-<H8 


101-31 


99*44 


89 46 


84 77 


88-21 


1 2} 


106-869 


103-11 


101-20 


9104 


86-28 


84 60 


1 3 


107-609 


104 87 


102-93 


92 60 


87-75 


8614 


1 3i 


109 449 


106 60 


104-68 


9413 


89-20 


87-56 


1 4 


111-200 


108-31 


1(»6-31 


96-63 


9<»-68 


88-96 


1 4} 


112-924 


109 99 


107 96 


9711 


92<l3 


90-84 


I 6 


114-622 


111-42 


109-68 


98 68 


93*42 


9170 


1 6} 


116 296 


113-27 


111-18 


100-01 


94-78 


93-04 


1 6 


117-948 


114-78 


11276 


10143 


96-13 


94-86 


1 7 


121 177 


11803 


116-86 


10421 


98-76 


96-94 


1 8 


124 326 


12109 


11886 


106-92 


101-83 


99-46 


] 9 


127-Ji96 


12408 


12179 


109-66 


108*83 


101-92 


1 10 


l»»-394 


12700 


124 66 


112 14 


106-27 


10431 


1 11 


133-324 


120-86 


.127-46 


114-66 


108*66 


106-66 


2 


136-192 


132-66 


130-20 


11712 


11100 


108-95 


2 1} 


140-383 


136-73 


134 21 


120-73 


11441 


112-81 


2 3 


144-463 


140-70 


138-10 


124*23 


117-73 


115 66 


2 4J 


148-411 


144-66 


141-88 


127-64 


120-96 


118*78 


2 6 


152-267 


148-31 


14667 


130-96 


124-10 


12181 


2 7J 


166 027 


161-97 


14916 


13418 


12716 


124-82 


2 9 


169-699 


166-66 


162-67 


137-34 


18015 


127-76 


2 10} 


163-288 


169-04 


166-10 


140-43 


183*80 


180-68 


3 


166-800 


162-46 


169-46 


143-45 


185 94 


188-44 


3 1} 


170-240 


166-81 


162-76 


14641 


18875 


186*10 


3 8 


173-611 


169-10 


166-97 


149*81 


141-49 


188 80 


3 ^ 


176-918 


172-32 


169-13 


16216 


144-19 


141-58 


3 6 


180-166 


176-48 


172-24 


154*94 


146-88 


144*18 


3 7} 


183-364 


178-69 


176-29 


167-68 


149-48 


146-68 


3 9 


186-488 


181-64 


178-28 


1« 0-38 


15199 


149-19 


3 10} 


189-671 


184-64 


181-23 


16308 


164-60 


161-66 


4 


192-604 


187-60 


184-13 


165-64 


166-97 


154-08 


4 2 


196-676 


191-46 


187-93 


169-06 


160-21 


157-26 


4 4 


200*469 


196-26 


191-66 


172-40 


168 8» 


160-37 


4 6 


204 287 


198-98 


196-30 


175 69 


16({*49 


168-48 


4 8 


208086 


202-63 


198-88 


178-91 


169-55 


166 48 


4 10 


211-718 


206-21 


202-40 


18208 


172-55 


16987 


6 


216338 


209-74 


206-86 


186-19 


176 50 


172-27 


6 3 


220-666 


214-92 


21005 


189-76 


179-88 


176-52 
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TABLE II^-^For finding the Velocities from the Altitudes, and tk$ 

Altitudes from the Velocities. 

Altitades 1 foot 0^ inch to 5 feet 8 inches. 





1 




.dlMliM|» la ladM par NOOBd. 




^!^ 


I^i 


m 


III 


1^1 


M 


111 


m 




jl 


<6 » J 


^"1 


^i| 


ail 


^n 


^ 


68-80 


65-46 


61-72 


60-64 


69-56 


57-40 


i oi 


70-16 


66-76 


62-95 


61-84 


60-74 


58-54 


1 1 


71-50 


6808 


6415 


63-02 


61-90 


59*65 


1 IJ 


7281 


69 28 


65 82 


6418 


68 08 


60-75 


1 2 


7410 


70*60 


66 48 


66 32 


6416 


61-82 


1 2J 


76-87 


71-71 


67-62 


66-48 


66 25 


(■2*88 


1 3 


76-61 


72-89 


6878 


67-68 


66-33 


63*92 


1 8} 


77-84 


74-06 


69 88 


68-61 


67-34 


64-94 


I 4 


7906 


76-21 


70-92 


69 67 


68*43 


65-96 


1 4} 


80-24 


76-84 


71-98 


70-72 


69-46 


66-94 


1 5 


8141 


77-46 


7808 


71-76 


70-48 


67-92 


1 5} 


82-66 


78*55 


74-07 


7-2-77 


71-47 


68-88 


1 6 


84-82 


80-70 


7610 


7477 


73-48 


70-77 


1 7 


8708 


82-80 


78-08 


76-71 


76-34 


72*61 


1 8 


8918 


84-86 


80-00 


78-60 


77-20 


74-40 


1 9 


9128 


86 84 


8189 


80-45 


7902 


76*15 


1 10 


98 88 


88-79 


88-78 


82-26 


80 79 


7786 


1 11 


95 88 


90-70 


85 58 


8403 


82-68 


7954 


2 


98-27 


93-50 


88*16 


86-62 


85-07 


81-98 


2 1) 


10112 


96-21 


90 72 


89-13 


87-54 


84*36 


2 3 


108-89 


98-84 


93*20 


91-57 


89 94 


86 67 


2 4i 


106-59 


101-41 


9562 


93 95 


92-27 


88-92 


2 6 


109 22 


103-91 


97 99 


9627 


94-65 


9112 


2 7i 


111-79 


10686 


100-29 


98-58 


96-78 


93 26 


2 9 


114-80 


108-75 


102-54 


100-75 


98*95 


9V36 


2 10} 


116 76 


11109 


104-75 


102*92 


10108 


97*41 


8 .0 


11917 


118 88 


106*91 


105-04 


103-17 


99-42 


8 1} 


121-58 


116-62 


10903 


10712 


105-21 


101-39 


8 8 


128-84 


117-88 


111-10 


10916 


1<»721 


108-32 


8 4} 


126-12 


119-99 


113-14 


111-16 


109*18 


106-22 


8 6 


128*85 


122-11 


11515 


118 13 


111-11 


107 08 


8 71 


180-64 


124-20 


117-11 


116-06 


113 01 


108-91 


8 9 


182 70 


126-25 


119-r5 


116 97 


114*88 


110-71 


8 10} 


184-82 


128 27 


120-96 


118-84 


116 72 


112-48 


4 


187-60 


180-92 


123-46 


12129 


11912 


114-80 


4 2 


140 88 


188*61 


12589 


123 69 


121-48 


117*07 


4 4 


H8 00 


18606 


128-29 


126 06 


123 80 


119 30 


4 6 


145-68 


138-55 


180-65 


128-36 


12607 


121*49 


4 8 


148-20 


14100 


182-96 


180-63 


128 80 


123-64 


4 10 


150-74 


148 42 


135-23 


18-2-86 


180*49 


12576 


6 


164 46 


146-96 188-57 


13614 


133*72 


128-86 


5 8 
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THE DISOHABGE OF WATER FROM 



TABLE n.'^FoT finding the VelocUietfrom the AUUudes, and the 

Attitudes from the Velocities. 

Altitudes 6 feet 6 inches to 17 feet 



1 






diMdiMge in Inoliei p«r Hoond. 




lip 


III 


»i 


rij 




III 


^ 


Ah 


e< »| 


•rfi'l 


^"i 


^'4 


'If 


i S 


225-848 


219-98 


216-01 


104-28 


184-07 


180-68 


6 9 


280*924 


224-92 


220-76 


198-59 


188-20 


184-74 


6 


235-891 


229-76 


225-61 


202-87 


192-25 


188-71 


6 8 


240-766 


234-50 


230-16 


207-06 


196-22 


102-60 


6 6 


245-624 


239-14 


234-72 


211-16 


200-10 


106-42 


6 9 


250-200 


243-69 


28919 


215-17 


208-91 


20016 


7 


254-791 


248-17 


243-58 


219-12 


207-66 


208-83 


7 8 


259-801 


252-66 


247-89 


222-99 


211-88 


207-44 


7 6 


268-784 


256-88 


25213 


226-81 


214-94 


210-99 


7 9 


268008 


26M2 


256-80 


230-56 


218-50 


214-47 


8 


272-888 


265-80 


260-40 


284-26 


221-99 


217-91 


8 8 


276-607 


269-41 


264-44 


237-88 


225-48 


221-29 


8 6 


280-766 


278-47 


268-41 


241-46 


228-82 


224-61 


8 9 


284- 65 


277-46 


272-88 


244-98 


28217 


227*80 


9 


288-906 


281-39 


276-19 


248-46 


285-46 


281-12 


9 8 


292-891 


285-28 


280-00 


251-89 


288-71 


284-31 


9 6 


296-828 


28911 


283-76 


255-27 


241-91 


287-46 


9 


800-708 


292-88 


287-47 


258-60 


246-07 


240-66 


10 


804-584 


296-62 


201-13 


261-90 


248-19 


243-68 


10 8 


808-817 


300-80 


294-75 


265-15 


251-28 


245-66 


10 6 


812-054 


308-94 


207-32 


268-87 


254-82 


249-64 


10 9 


815-747 


807-64 


801-85 


271-54 


257'83 


2621K) 


11 


819-898 


311-09 


805-84 


274-68 


260-81 


266*62 


11 8 


823-007 


314-61 


308-79 


277-79 


262-26 


258-41 


11 6 


326-576 


818-09 


312-21 


280-86 


266-16 


261-26 


11 9 


330-107 


321-52 


315-66 


288-80 


269-04 


264-09 


12 


833-600 


324-93 


318-92 


286-90 


271-88 


266-88 


12 8 


337-057 


828-29 


822-23 


289-87 


274-70 


269'65 


12 6 


340-479 


331-63 


32^-50 


292-81 


277-49 


272-88 


12 9 


343-867 


834-93 


328*74 


296-78 


280-25 


275-09 


18 


847-222 


338-19 


331-94 


298-61 


282-99 


277-78 


18 8 


350-545 


341-48 


83512 


301-47 


285-69 


280-44 


18 6 


853-836 


844-64 


338-27 


304-30 


288-38 


988-07 


18 


857097 


347-81 


841-39 


307-10 


291-08 


285*68 


14 


360-329 


350-96 


344-47 


809-88 


298-67 


288*26 


14 6 


866-707 


357-17 


850-57 


315-37 


298-87 


208-87 


16 


872-976 


368«28 


356-57 


820-76 


808-98 


298-38 


15 6 


879-141 


869-28 


862-46 


826-06 


309-00 


308-31 


16 


385-208 


375-19 


368-26 


331-28 


813-94 


808-17 


16 6 


301*181 


381-01 


373-97 


836'42 


818-81 


812-94 


17 


397-063 


386-74 


379-50 


841-47 


323-61 


817-66 
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TABLE n.—For finding ike VelociHesfrom the AUUudes, and the 

AUitudesfrom the Velocities. 

Altitudes 5 feet 6 inches to 17 feet. 



1 


CoeffldfinU of T^odtj, and the ooRcsponding Tdodtiee of 


1 
1 






dJaohttfe in Inohei per seoond. 






i'M 


ill 


Hi 


Hi 


ill 


"i 




II ^ 


^ 111 


111 


II € 




^ II 




** • 3 


o4 » g 


d w^ X 


S^l 


a •S 


d-1 


^ 




168-00 


150-41 


141-83 


139*86 


136*86 


181-90 


k g 




161-06 


163-80 


145*02 


142-48 


139*94 


134-86 


6 9 




16612 


167-10 


14814 


146-65 


142-95 


187*76 


6 




168-68 


160-84 


161-19 


148 56 


145*90 


140-60 


6 3 




171-87 


163-62 


154-19 


151-49 


148-79 


14389 


6 6 




17614 


166-63 


16718 


164-87 


16162 


14612 


6 9 




178-86 


169-69 


160*01 


167*21 


154-40 


148-80 


7 




181-61 


172-69 


162-84 


169-99 


167*14 


151-43 


7 8 




184-61 


176-66 


166*62 


162-72 


159-82 


15402 


7 6 




187-67 


178-65 


168*36 


166-41 


162-46 


156-57 


7 9 




190-67 


181-41 


171-06 


168*06 


166*06 


169*07 


8 




108'62 


184-22 


173*71 


170-67 


167*62 


161*54 


8 8 




196-64 


186-99 


176-82 


173-23 


17014 


163*97 


8 6 




199-41 


189-72 


178-90 


176-76 


17268 


166*36 


8 9 




202-28 


192-41 


181*43 


178-26 


176-08 


168*72 


9 




206-02 


19507 


183*94 


180-71 


177-49 


17105 


9 8 




207-78 


197-68 


186-40 


18314 


179-87 


173-34 


9 6 




210-49 


200-27 


188*84 


186-58 


182*23 


175*61 


9 9 




21317 


202-82 


191-26 


187-90 


184-55 


177*85 


10 




216-82 


206-34 


193-62 


190-23 


186*84 


180*06 


10 8 




218*44 


207-83 


195-97 


192-64 


189-10 


182-24 


10 6 




22102 


210-29 


198-29 


194-82 


191*84 


184-40 


10 




223-68 


212-72 


200*58 


197*07 


193-65 


186-53 


11 




226-10 


21612 


202-86 


199*30 


195-74 


188-64 


11 8 




228-60 


217*60 


206*09 


201-60 


197-91 


190-72 


11 6 




231-07 


219-85 


207*31 


203*68 


200*04 


192-78 


11 




238-62 


22218 


209*50 


206-83 


202-16 


194-82 


12 




236-94 


224-48 


211-67 


.207-96 


204-26 


196-84 


12 3 




238-34 


226-76 


218-82 


210*08 


206-33 


198-84 


12 6 




240-71 


229-02 


215-95 


212-17 


208-38 


200-82 


12 9 




243-06 


231-25 


218-06 


214*24 


210-42 


202*78 


13 




246-38 


233-46 


220-14 


216-29 


212*48 


204-72 


13 8 




247-69 


236-66 


222-21 


218-32 


214*42 


206-64 


13 6 




249-97 


237*83 


224*26 


220-33 


216*40 


208-64 


13 9 




262-23 


239-98 


226-20 


222*82 


218-86 


210*43 


14 




266-70 


244-23 


230-29 


226*26 


222-22 


214*16 


14 6 




261-08 


248*40 


234-23 


23013 


226-02 


217*82 


16 




266-40 


262-51 


238*10 


283-93 


229*76 


221-42 


16 6 




260-66 


266-55 


24191 


237-67 


283-44 


224*96 


16 




273-83 


260-68 


246-66 


241-36 


23706 


228-45 


16 6 




277-94 


264-44 


249-36 


244*99 


240-62 


281-89 


17 
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TABLE IL— For finding ths Velocities from the AUitudes, and ths 

AUUudes^from the Vdoeitiee. 

Altitades 17 feet 6 inches to 40 feet. 



1 

r 


wmmm 








dlMhuso in l&ehM per moobiL 






«->«£ 


ya 


Ifl 


^IfeS 


l^t 


•< ' 
^ 1 

^ 




III 


III 

II ' 


III 




^ 






e< *1 


«-l 


'rf «»s 


o »| 


iV 


i 


402-860 


392-89 


386-13 


346-46 


328-88 


822-29 


18 





408-575 


397-95 


390-60 


351*37 


332 99 


326*86 


18 


6 


414*211 


403-44 


395*99 


356-22 


337*58 


831-37 


19 





419-772 


408*86 


401-30 


361*00 


34-211 


836 82 


19 


6 


425*258 


414-20 


406-65 


366*72 


346*59 


340-21 


20 





430-676 


419-48 


411-73 


370-38 


351*00 


344-64 


20 


6 


436-026 


424-69 


416-84 


374-98 


356 36 


848-82 


21 





441-311 


429-84 


421*89 


379-53 


359^59 


358*06 


21 


6 


446-534 


434 92 


426-89 


384*02 


363-93 


367-23 


22 





451-697 


439-95 


431-82 


388-46 


368-13 


361-86 


22 


6 


456-801 


444-92 


436-70 


392*85 


37229 


366*44 


28 





461-848 


449-84 


441*63 


397*19 


876-41 


369*48 


23 


6 


466-841 


450-70 


446*30 


401*48 


380-48 


373*47 


24 





471-782 


459-52 


451*02 


405-73 


384-50 


377*43 


24 


6 


476671 


464-28 


455-70 


409 94 


388*49 


38134 


25 





481-510 


468-99 


460-32 


414-10 


392*43 


385*21 


26 


6 


486301 


473-66 


464-90 


418-22 


396-34 


88904 


26 





491-046 


478-28 


469-44 


422-30 


400 20 


392-84 


26 


6 


495745 


482-86 


473-93 


426-34 


404 08 


396*60 


27 





500-400 


487-39 


478-38 


430-84 


407 83 


400-32 


27 


6 


505012 


491-88 


482-79 


434-31 


411*58 


404*01 


28 





509 582 


49»-33 


48716 


438-24 


415 31 


407 67 


28 


6 


514112 


500*75 


49149 


442-14 


41900 


411*29 


29 





518-602 


505-12 


495 78 


446-00 


422-66 


414*88 


29 


6 


523054 


509-45 


500-04 


449-83 


426 29 


418-44 


80 





527-468 


51375 


504-26 


463*62 


429-89 


421-97 


80 


6 


531-845 


51802 


608-44 


457*31 


433*45 


425-48 


31 





536-187 


522 25 


512-59 


461-12 


436*99 


428*95 


31 


6 


540*494 


526-44 


516'71 


464 82 


440-50 


432-40 


32 





544-767 


530-00 


620*80 


468*50 


443 98 


435-81 


3-2 


6 


549-006 


534*73 


624-86 


47-216 


447-44 


439-20 


a3 





553-213 


538 83 


6-28-87 


47676 


450-87 


442*67 


33 


6 


557-388 


54*2-90 


632-86 


479 36 


454-27 


445-91 


34 





561*532 


54(i-93 


536*83 


482 92 


4.57-66 


449-23 


34 


6 


565-646 


550*94 


540-76 


•186*46 


461-00 


452-52 


35 





569730 


554-92 


644-66 


489-97 


464:^3 


455-78 


36 





577-812 


56279 


662 39 


496-92 


470-92 


462->5 


37 





585 782 


570*56 


560-01 


603*77 


477*41 


468-63 


38 





593-646 


578*21 


567*53 


610*64 


483 82 


47492 


39 





601406 


686-77 


574*94 


617*21 


490 16 


481 12 


40 





609-067 


593*23 


582 27 


623 80 


496-39 


487'25 
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TABLE IL-^For finding the Velocities from the Altitudes, and the 

Altitudes from the Velocities* 

Altitades 17 feet 6 inches to 40 feet 



Coettcienta of Telodtj, and Um eomfpondlnc TvlodtiM of 
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mmm^t 




dlMbargo In inohM per Noond. 
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Pi 


^^i 
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\%i 


\H 


III 
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1 




1 V 


O 1 


^if 


si| 


s »| 


sjSl 
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282-00 


268-30 


-263-00 


248-66 


244-13 


236*27 


1^ 


s 


286-00 


27211 


266-69 


26209 


247-60 


238-61 


18 





289 96 


276-86 


26012 


266-67 


261-01 


241-90 


18 


6 


298 84 


279-67 


263-32 


26900 


264-38 


245-14 


19 





297-68 


283-22 


267-06 


262 38 


267-71 


248-36 


19 


6 


301-47 


286 83 


270-46 


266-73 


260-99 


261-51 


20 





306 22 


290 39 


273-82 


269-03 


264-23 


264-64 


20 


6 


308 92 


293^1 


277-08 


27228 


267 37 


267-67 


21 





312-67 


297-39 


280-42 


276-61 


27060 


26078 


21 


6 


31619 


800-83 


283-67 


27870 


•27373 


263-79 


22 





319-76 


304 23 


286-87 


281-85 


276-82 


266-77 


22 


6 


3-28-29 


307-69 


290-04 


284-96 


279-88 


269-72 


23 





326-79 


310-92 


29318 


288-04 


282 01 


27-2-64 


23 


6 


380-26 


314-21 


296-28 


291-09 


286-90 


275-52 


24 





333 67 


317-46 


299*36 


294-11 


288*86 


278-38 


24 


6 


387 06 


320-69 


30289 


297-09 


291-80 


281-20 


26 





340*41 


323-88 


306-40 


300-06 


294*70 


284-00 


26 


6 


34373 


827 04 


308-38 


302-98 


297-67 


286-77 


26 





347-02 


330-17 


311-83 


306-87 


300 42 


289-52 


26 


6 


360 28 


333-13 


314-26 


308-76 


303-24 


292-23 


27 





363-61 


336-34 


31716 


311-69 


306 04 


294 93 


27 


6 


366 71 


339 38 


320 02 


314-41 


808-81 


297-60 


28 





869-88 


342-40 


322-86 


31720 


311*66 


800-24 


28 


6 


863 02 


346 39 


326*68 


319-98 


314-27 


302 86 


29 





366-14 


348 36 


328-48 


822-72 


316-97 


305-46 


29 


6 


369-23 


361-29 


331-26 


326-46 


319-66 


308-04 


30 





372-29 


364-21 


38400 


3-28-16 


322 30 


310-60 


30 


6 


376-83 


367 10 


3i^6-78 


330-83 


324-93 


81318 


31 





37d-36 


369-97 


339-43 


833-48 


327-54 


815-60 


31 


6 


381-34 


362-81 


842*11 


836*12 


33013 


318 14 


32 





384-30 


366 64 


344-78 


338-74 


382-70 


820-62 


32 


6 


387 26 


368*44 


347-42 


341-38 


336-26 


323H»8 


33 





39017 


371-22 


36004 


343 01 


337-78 


325-51 


33 


6 


393()7 


37398 


362-64 


346-47 


340*29 


327-93 


34 





395-95 


376-72 


366-23 


34900 


34-2/8 


d30-34 


34 


6 


398 81 


879-44 


367 79 


361-62 


346-26 


33-2-72 


35 





404-47 


384-82 


36287 


366-51 


350*16 


337-44 


36 





41006 


39013 


367-87 


361-48 


354 98 


342-10 


37 





41666 


896-37 


37-2-81 


366*28 


359*75 


346-69 


38 





420-98 


400 64 


377-68 


37111 


364 45 


35 1-22 


39 





42636 


406-64 


382-49 


375-79 


369-09 


865-70 


40 
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THE DISCHABGE OF WATER F&Otf 



TABLE HI.— Square BooU for finding t^ effects of the Vdocky of 
Approach when the Orifice U smaU in proportion to the Head> 
AUo for finding the Increase in the Diecharge from an Increase 
of Head. (Seep. 101.) 



Ko. 


Square 


Ko. 


841UM 


No. 


Sqnan 


No. 


Btpmn 




xoot 




root. 




root. 




root. 


1-000 


1-0000 


1-116 


1-0660 


1*476 


1*2141 


1-976 


1*4053 


1001 


1*0006 


1-120 


1-0683 


1-49 


1-2207 


1-99 


1-4107 


1-002 


1-0010 


1-126 


1-0607 


1-6 


1-2247 


2-00 


1-4142 


1-004 


1-0020 


1-13 


1-0630 


1-61 


1-2288 


201 


1-4177 


1-006 


10026 


M36 


1-0664 


1-626 


1-2349 


2026 


1-4230 


1*006 


1-0030 


114 


1-0677 


1-64 


1-2410 


204 


1-4283 


1-008 


1-0040 


1-146 


1-0700 


1-66 


1-2460 


2-06 


1-4318 


1-009 


1-0044 


1-16 


1-0723 


1-66 


1-2490 


2-06 


1*4353 


1010 


1-0060 


1-166 


1-0747 


1-676 


1-2660 


2-076 


1-4405 


1-011 


1-0066 


1-16 


10770 


1-68 


1-2670 


209 


1-4457 


1-012 


1-0060 


1166 


1-0794 


1-69 


1-2610 


210 


1-4491 


1-014 


1-0070 


1-17 


1-0817 


1-6 


1-2649 


2-11 


1-4526 


1016 


1-0076 


1176 


1-0840 


1-61 


1-2689 


2-126 


1-4677 


1016 


1-0080 


1-18 


1-0868 


1-626 


1-2748 


2-14 


1-4629 


1-018 


1-0090 


1-186 


1-0886 


1-64 


1-2806 


216 


1-4668 


1-019 


1-0096 


1-19 


1-0909 


1-66 


1-2846 


2-16 


1-4697 


1-020 


1-0100 


1-196 


1-0932 


1-66 


1-2884 


2-176 


1-4748 


1-0226 


1-0112 


1-2 


1-0964 


1-676 


1-2942 


219 


14799 


1-026 


1-0124 


1-21 


1-1000 


1-69 


1-3000 


2-2 


1-4882 


1-0276 


1-0187 


1-22 


1-1046 


1-7 


1-8038 


2-21 


1-4866 


1-08 


10149 


1*23 


1-1091 


1-71 


1-3077 


2-226 


1-4916 


10325 


1-0161 


1-24 


M136 


1-726 


1-3134 


2-24 


1-4967 


1-086 


1-0174 


1-26 


11180 


1-74 


1-3191 


2-26 


16000 


1-0876 


10186 


1-26 


1-1226 


1-76 


1-3229 


2-26 


1-6088 


1-04 


10198 


1-27 


1-1269 


1-76 


1-3267 


2 276 


1-6088 


10426 


1-0210 


1-28 


1-1314 


1-776 


1-3823 


2-29 


1^138 


1-046 


1-0223 


1-29 


1-1368 


1-79 


1-3379 


2-3 


16166 


1-0476 


10236 


1-30 


1-1402 


1-80 


1-3416 


231 


1-6199 


1-06 


10247 


1-31 


1-1446 


1-81 


1-3464 


2-826 


1-6248 


1-066 


10271 


1-326 


1-1611 


1-826 


1-3609 


2-34 


1-6297 


1-06 


1-0296 


1-34 


1-1676 


1-84 


1-3666 


2-36 


1-6330 


1-066 


1-0320 


1-36 


1-1619 


1-86 


1-3601 


2-36 


1*6362 


1-07 


1-0344 


1-36 


1-1662 


1-86 


1-3638 


2-876 


1-6411 


1076 


1-0368 


1-376 


11726 


1-876 


1-3693 


2-39 


1-6460 


1-08 


1-0892 


1-39 


1-1790 


1-89 


1-3748 


2-4 


1-6492 


1-086 


10416 


1-40 


1-1832 


1-9 


1-3784 


2-41 


1-6624 


1-09 


1-0440 


1-41 


11874 


1-91 


1-3820 


2*426 


1-6672 


1-096 


1-0464 


1-426 


1-1937 


1-926 


1-3876 


2-44 


1-6621 


1-1 


1-0488 


1-44 


1-2000 


1-94 


1-3928 


2-46 


1-6662 


1-106 


1-0612 


1-46 


1-2042 


1-96 


1-3964 


2-46 


1-6684 


1-110 


1-0686 


1-46 


1-2083 


1-96 


1-4000 


2-476 


1-6732 
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TABLE ni.— Square BooU for finding the eff'ects of the Velocity of 
Approach when the Orifice u mnaU in proportion to the Head. 
AUo for finding the Increase in the Discharge from an Increase 
of Head. (See p. 101.) 



No. 


Sqittre 


No. 


Sqttn 


No. 


Bqnwo 


No. 


B^ 




root. 




root. 




root. 




root. 


2*40 


1-6780 


3-0000 


1-7321 


4*5 


2-1213 


26 


5-0990 


2-6 


1-6811 


3-026 


1-7393 


5-0 


2-2361 


27 


5-1962 


2-61 


1-6848 


305 


1-7464 


5-6 


2-3452 


28 


5*2915 


2-626 


1-6890 


3075 


1-7536 


6-0 


2-4495 


29 


6-3852 


264 


1-6987 


31 


1*7607 


6-5 


2*6495 


80 


6-4772 


2-66 


1-6909 


8126 


1-7678 


7-0 


2-6468 


31 


6-6678 


2-66 


1-6000 


316 


1-7748 


7-5 


2-7386 


32 


6*6569 


2-676 


1-6047 


8176 


1-7819 


8-0 


2-8284 


33 


57446 


2*69 


1-6098 


3-2 


1-7889 


8'5 


2-9165 


84 


6-8310 


2-6 


1-6126 


3*226 


1-7958 


90 


3-0000 


35 


59161 


2-61 


1-6166 


3-25 


1-8028 


96 


8-0822 


86 


60000 


2-626 


1-6202 


8-276 


1-8097 


10-0 


3-1623 


87 


6-0828 


2-64 


1*6248 


3*8 


1-8166 


10*5 


2-2404 


38 


61644 


2*66 


1-6279 


3-326 


1-8285 


110 


8-3166 


39 


6-2450 


2'66 


1-6810 


3-86 


1-8303 


11-6 


8-3912 


40 


6-3246 


2-676 


1-6866 


3-876 


1-8371 


120 


3-4641 


41 


6-4031 


2-69 


1-6401 


8-4 


1-8439 


12-5 


3-5d66 


42 


6-4807 


2-7 


1-6482 


3-426 


18507 


130 


3-6056 


43 


6-6574 


271 


1-6462 


3-46 


1-8674 


13-5 


8-6742 


44 


6-6832 


2-726 


1-6608 


3*475 


1-8641 


14*0 


3-7417 


45 


6-7082 


2-74 


1-6668 


3-6 


1-8708 


14-5 


3-8079 


46 


6-78*28 


2-76 


1*6688 


3-526 


1-8776 


150 


8-8730 


47 


6-8657 


2-76 


1-6618 


3-55 


1-8841 


15-6 


8-9370 


48 


6-9282 


2-776 


1-6668 


3-675 


1-8908 


160 


4-0000 


49 


7-0000 


2-79 


1-6703 


3-6 


1-8974 


16-5 


4*0620 


60 


7-0711 


2-8 


1-6783 


8-626 


1-9039 


17*0 


4-1231 


51 


7-1414 


2-81 


1-6768 


8-65 


1*9105 


17-5 


41833 


62 


7-2111 


2-826 


1*6808 


8-676 


1*9170 


18-0 


4-2426 


63 


7-2810 


2-84 


1-6862 


3-7 


1-9235 


18-6 


4-3012 


64 


7*3485 


2-86 


1-6882 


3-725 


1-9300 


190 


4-3589 


65 


7-4162 


2-86 


1-6912 


3-75 


]-9d65 


19-5 


4-4159 


56 


7-4883 


2-876 


1-6956 


8-775 


1-9429 


20-0 


4-4721 


57 


7*5498 


2-89 


1*7000 


8-8 


1-9494 


20-5 


4-5277 


68 


7-6168 


2-9 


1-7029 


8-825 


1-9558 


210 


4-5826 


69 


7-6811 


2-91 


1-7059 


3-85 


1-9621 


21-6 


4-6368 


60 


7-7400 


2-926 


1-7103 


3-876 


1-9686 


22-0 


4-6904 


61 


7-8102 


2-94 


1-7146 


3-9 


1-9748 


22-6 


4-7484 


62 


7-8740 


2-96 


1-7176 


3-925 


1-9812 


230 


4-7968 


63 


7-9378 


2-96 


1-7206 


395 


1-9875 


23*5 


4-8477 


64 


80000 


2-976 


1-7248 


3-975 


1-9988 


240 


4-8990 


65 


8-0628 


2-99 


1-7292 


4-0 


20000 


250 


6-0000 


66 


8-1240 
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THE DI8CHAB6B OF WAIEB nOM 



TABLE IV. — Far finding the Discharge through Rectangular Ori- 
fices; in which n^s-. Also for finding the effects of the 
Velocitg of Approach to Wei/rs, and ike Depression on ihs OresU 
(See p. 101.) 



1+ n 


J 


a + «)* 


a+w)*-«* 


l + » 


J 


a+»)* 


(l+«)*-«^ 


1-000 


•0000 


1-0000 


10000 


1115 


•0390 


11774 


1-1384 


1-«01 


•0000 


rooi5 


10015 


1120 


•0416 


11853 


11437 


1002 


-0001 


10030 


10029 


1126 


•0442 


1-1982 


M491 


1004 


-0003 


10060 


1-0068 


113 


-0469 


1-2012 


1-1&43 


J-006 


-0004 


1-0076 


10072 


1186 


•0496 


1-2092 


1-1606 


1-006 


•0006 


10090 


10086 


114 


•0524 


12172 


11648 


1008 


•0007 


10120 


10113 


1146 


•0552 


12251 


11700 


1-009 


•0009 


10135 


10127 


1-15 


•0681 


1-2832 


11761 


1010 


•0010 


10150 


10140 


1166 


-0610 


1-2413 


1-1803 


1-011 


•0012 


10166 


10154 


116 


•0«40 


1-2494 


11864 


1012 


•0018 


1-0181 


10167 


M66 


•0670 


1-2574 


1 1904 


1014 


•0017 


1-0211 


10194 


117 


•0701 


1-2666 


11955 


1-016 


•0018 


10226 


10207 


1-176 


•0782 


1-2737 


1-20O5 


1-016 


•0020 


10241 


10221 


118 


•0764 


1-2818 


1-2064 


1-018 


-0024 


10271 


1-0247 


1-186 


•0796 


1-2900 


1-2104 


1019 


-0026 


10286 


10260 


M9 


•0828 


12981 


1-2163 


1-020 


•0028 


r0301 


1-0273 


1196 


-0861 


1-8063 


1-2202 


1-0225 


-0084 


10339 


10306 


12 


•0894 


1-8145 


1-2251 


1-025 


•0040 


10377 


1-0338 


1-21 


•0962 


18810 


{•2348 


1-0276 


•0046 


10415 


10370 


1-22 


•1082 


1-3476 


1-2443 


108 


•0052 


10463 


1-0401 


123 


•1103 


1-8641 


1-2688 


1-0825 


-0059 


10491 


10433 


1-24 


•1176 


13806 


1-2882 


1036 


•0066 


10530 


1-0464 


126 


•1250 


1'3076 


1-2726 


10875 


0073 


10668 


10495 


126 


•1326 


14143 


1-2818 


1-04 


•0080 


1-0606 


10526 


127 


-1408 


14312 


1-2909 


1-0425 


•0088 


10644 


10567 


1-28 


•1482 


14482 


1-8000 


1045 


'0095 


1-0683 


10587 


1-29 


•1562 


1-4662 


18090 


1-0475 


•0104 


10721 


1-0617 


130 


•1643 


14823 


1-8179 


105 


•0112 


1-0759 


10648 


1-31 


-1726 


14994 


1-3268 


1055 


•0129 


10836 


10707 


1-325 


•18 3 


16252 


18880 


106 


•0147 


1*0913 


10766 


134 


*1983 


1-6512 


1'8529 


1066 


-0166 


10991 


10825 


1-35 


•2071 


1-6686 


18615 


1-07 


•0185 


11068 


10883 


136 


•2160 


1^6860 


1-8700 


1075 


•0-205 


1 1146 


1-0940 


1-376 


•2-296 


1-6128 


1-3827 


108 


•02-26 


1 1-2-24 


1-0997 


1-39 


•2436 


1-6888 


13052 


1085 


•0248 


1 1302 


M064 


140 


•2530 


l-6o65 


14035 


l-(»9 


•0-270 


ri3H0 


11110 


1-41 


•262.5 


r6743 


1-4118 


1095 


•0-203 


11458 


11 166 


1-4-26 


-2771 


17011 


1-4240 


11 


•0316 


11537 


1 122! 


1-44 


-2919 


l-7'i80 


1-4361 


1105 


-(1340 


11616 


I 1275 


1-45 


•3019 


1-7460 


1-4442 


1-110 


-0365 


11695 


11330 


1-40 


•31-20 


17641 


1-4521 
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TABLE IV. — For finding the Ducharge through Rectangular Ori" 
fiees : in which w =s -^. Also for finding the effects of the 
Velocity of Approach to Weirs, Sc. ^See p. 101.) 



l+» 


•* 


a+n)* 


a-M)*-** 


l+» 


»« 


(X-^^^. 


a+n)*-i»* 


1-476 


•3274 


17914 


1'4640 


1-975 


•9627 


2-7756 


1-8128 


1-49 


•8430 


18188 


1-4768 


1-99 


-9860 


28072 


18222 


15 


•3536 


18371 


1-4836 


2' 


1-0000 


2-8-284 


1-8284 


1-51 


•3642 


1-8555 


14913 


2-01 


1-0150 


2-8497 


18346 


1626 


•3804 


1-8882 


1-6028 


2025 


10377 


2-8816 


1-8439 


154 


•3968 


1-9111 


1-5143 


204 


10606 


2-9137 


1-8581 


165 


•4079 


1-9-297 


1-6218 


206 


1-0769 


2-9352 


1-8592 


1-66 


•4191 


1-9484 


1-6294 


206 


1-0913 


2-9567 


1-8653 


1-675 


•4360 


1-9766 


1-5406 


2076 


M146 


2-9890 


18744 


1-58 


•4417 


19860 


16443 


2-09 


1-1380 


30215 


1-8835 


1-59 


•4632 


2-0049 


1-6517 


2-10 


1 1587 


30432 


1-8895 


16 


-4648 


20289 


1-5601 


211 


11695 


30660 


1-8965 


1-61 


•4764 


2:0429 


1-6664 


2126 


1-1932 


3-0977 


1-9045 


1625 


•4941 


2-0716 


1-5774 


214 


1-2172 


3-1306 


19134 


164 


•5120 


21002 


1-6882 


215 


1-2832 


3-1626 


1-9193 


166 


•6240 


2-1195 


1-6954 


2-16 


1-2494 


3-1746 


1-9262 


166 


•6362 


2-1388 


1-6026 


2176 


12737 


3-2077 


19340 


1-675 


•5546 


2-1678 


1-6182 


219 


1-2981 


3-2409 


1-9428 


1-69 


•6732 


21970 


1-6288 


2-2 


1-3145 


3-2631 


r9486 


1-7 


•6857 


22165 


1-6309 


2-21 


1-3310 


3-2854 


1-9544 


1-71 


•6983 


2-2361 


1-6379 


2226 


1-3568 


3-3189 


1-9681 


1-726 


•6173 


2-2666 


1-6483 


2-24 


1-3808 


3 3625 


1-9717 


1-74 


•6366 


22952 


1-6586 


225 


13975 


33760 


1-9775 


1-75 


•6496 


2-3160 


1-6655 


2-26 


1-4143 


3-3975 


1-9832 


1-76 


•6626 


2-3349 


1-6724 


2-275 


1-4397 


3-4314 


1-9917 


1-775 


•6828 


2-3648 


1-6826 


229 


1-4662 


3-4654 


2-0002 


1-79 


•7022 


2-3949 


16927 


2-3 


1-4822 


3-4881 


2-0069 


1-80 


•7165 


2-4160 


1-6994 


2-81 


1-4994 


3-5109 


2-0115 


1*81 


•7-290 


24351 


1-7061 


2-325 


1-5252 


3-6451 


20200 


1-826 


•7493 


2-4654 


1-7161 


2-34 


r5512 


35795 


2-0284 


1-84 


•7699 


2-4959 


1-7260 


2-36 


1-6686 


36025 


2-0339 


1-85 


•7837 


2-5163 


1-7326 


2-36 


1-5860 


36-256 


2-0395 


1-86 


7975 


2-5367 


1-7392 


2-376 


1-6123 


3-6601 


2-0478 


1-875 


•8185 


2-6674 


1-7490 


2-39 


1-6388 


3-6948 


2-0561 


1-89 


•8396 


2-5983 


1-7587 


2-4 


1-6565 


37181 


2-0616 


1-9 


•8538 


2-6190 


1-7662 


2-41 


1-6743 


3-7413 


2-0670 


1-91 


•8681 


2-6397 


1-7716 


2425 


1-7011 


3-7763 


20752 


1-926 


•8896 


2-67()9 


17813 


244 


1-7-280 


3 8114 


20834 


104 


•9114 


270-21 


1-7907 


2 45 


1-7460 


3 8349 


20888 


1-96 


•9259 


27-230 


1-7971 


2-46 


1-7641 


3-8584 


2-0942 


1-96 


•9406 


2-7440 


1-8034 


2475 


17914 


3-8937 


2-1023 



Values of n from -475 to 1-475. icoiuiwied <m ncxtpagt. 
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THE DISOHABGE OF WATER FROM 



TABLE IV. — For finding the Discharge through Rectangular Ori- 
fices; in which n = j ^^ f^^ finding the effecU of the 
Velocity of Approach to Weirs, itc. (See p. 101.) 



14- n. 


.». 


a+»)*. 


a^-nM. 


1 + n. 


.*. 


(l+»)*. 


a+-M. 


2-49 


1-8188 


3-9292 


2-1104 


8- 


2-8284 


6-1962 


2-3677 


2-6 


1-8371 


3-9628 


2-1157 


3-026 


2-8816 


6-2612 


2-8796 


2-61 


1-8666 


3-9766 


21211 


306 


2-9352 


6-3626 


2-39U 


2-626 


1-8832 


4-0123 


2-1291 


3-076 


2-9890 


6-3922 


2-4082 


2-64 


1-9111 


4-0481 


21370 


3-1 


30432 


5-4581 


2-4149 


2-66 


1-9297 


4-0720 


21423 


3126 


30977 


5-5243 


2-4266 


2-66 


1-9484 


4-0960 


2-1476 


3-15 


31526 


6-6907 


2-4382 


2-676 


1-9766 


4-1321 


21564 


3-175 


3-2077 


5-6574 


2-4497 


2-69 


2-0049 


4-1682 


2-1633 


3-2 


3-2631 


5-7243 


2-4612 


2-6 


2-0239 


41924 


2-1686 


3-225 


3-3189 


6-7916 


2-4726 


2-61 


2-0429 


4-2166 


2-1737 


3-25 


3-3760 


5-8690 


2-4840 


2-625 


2-0716 


4-2530 


2-1815 


3-275 


3-4314 


^-9268 


2-4963 


2-64 


2-1002 


4-2895 


2-1893 


33 


3-4881 


6-9947 


2-5066 


2-06 


2-1196 


4-3139 


2-1944 


3-325 


36461 


60630 


2-5179 


2-66 


2-1888 


4-3383 


2-1996 


3-36 


3-6025 


6-1316 


2-6290 


2-676 


2-1678 


4-3751 


2-2073 


3-376 


3-6601 


6-2003 


2-6401 


2-69 


2-1970 


4-4119 


2*2149 


3-4 


3-7181 


6*2693 


2-5512 


2-7 


2-2166 


4-4366 


2-2200 


3-426 


3-7763 


6-8386 


2-6628 


2-71 


2-2361 


4*4612 


2-2251 


3-46 


3-8349 


6-4081 


2-5732 


2-726 


2-2666 


4-4983 


22327 


3-476 


3-8937 


6-4779 


2-5842 


2-74 


2-2962 


4-6365 


2-2403 


3-6 


3-9528 


6-6479 


2-5961 


2-76 


2-3160 


4-5604 


2-2453 


3-526 


4-0123 


6-6182 


2-6059 


2-76 


2-8349 


4*6853 


2-2504 


3-56 


4-0720 


6-6887 


2-6167 


2-776 


2-3648 


4-6227 


22679 


3-575 


4-1321 


6-7696 


2-6274 


2-79 


2-3949 


4*6602 


2-2664 


36 


41924 


6-8306 


2-6381 


2-8 


-24160 


4*6853 


2-2703 


3-625 


4-2630 


6-9018 


2-6488 


2*81 


2-4861 


4-7104 


2-2768 


3-65 


4-3139 


69733 


2-6694 


2-825 


2-4664 


4-7482 


2-2827 


3-676 


4-3751 


7-0461 


2-6700 


2-84 


2-4969 


4-7861 


2-2902 


3-7 


4-4366 


71171 


2-6805 


2*85 


2-6168 


4-8114 


2-2951 


3726 


4-4983 


7-1898 


2-6910 


2-86 


2-5367 


4-8367 


2-3000 


3-76 


4-6604 


7-2618 


2-7016 


2-876 


2-5674 


4-8748 


2-3074 


3-775 


4-6227 


7-3346 


2-7119 


2-89 


2-5983 


4-9130 


2-3147 


3-8 


4-6863 


7-4076 


2-7228 


29 


2-6190 


4-9385 


2*3196 


3-825 


4-7482 


7-4808 


2-7326 


2-91 


2-6397 


4-9641 


2-3244 


3-85 


4-8114 


7-6642 


27429 


2-926 


2-6708 


60026 


2-3317 


3 875 


4-8748 


7-6279 


27531 


2-94 


2-7021 


50411 


23389 


3-9 


4-9385 


7-7019 


2 7634 


2-96 


2-7230 


6-0668 


2-3438 


3926 


60025 


77761 


2-7735 


2-96 


2-7440 


5-0926 


2-3486 


3-95 


60668 


7'8606 


2-7837 


2976 


2-7756 


51313 


2-3558 


3-976 


51313 


7-9251 


2-7838 


2-99 


2-8072 


6-1702 


2-3630 


4- 


5-1962 


8- 


2-8038 



Values of n from *475 to 1-476. CCtrntlmMd on mean five* 
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TABLE TV. — For finding the Discharge through Bectangular Orir 
fi^es ; in which nss-^ AUo for finding the effecU of the 
Velocity of Approach to Weirs, dc. (See p. 101.) 



l+n. 


»« 


a+n)^. 


(l+nM. 


l + n. 


»«. 


(i-f«)*. 


a-,n,^^l 


4-5 


6-6479 


9-6469 


2-9980 


26- 


1260000 


132-6746 


7-5746 


60 


8-0000 


11-1808 


3-1803 


27- 


132-5746 


140-2961 


77216 


5*5 


9-6459 


12 8986 


3-3627 


28- 


140-2961 


1481621 


7-8660 


60 


111803 


14-6969 


8-6166 


29- 


1481621 


166-1698 


8-0077 


6-6 


12-8986 


16-5718 


3-6782 


30- 


166-1698 


164-3168 


8-1470 


7-0 


146969 


186203 


3-8234 


31- 


164-8168 


172-6007 


8-2889 


7-5 


16-6718 


20-6396 


3-9678 


82- 


17*2-6007 


181-0198 


8-4186 


8-0 


186203 


22 6274 


4-1071 


38- 


1810198 


189-6706 


8-6618 


8-5 


20-6396 


24-7816 


4-2419 


34- 


189-6706 


198-2624 


8-6818 


9-0 


22-6274 


270000 


4-3726 


35- 


198-2624 


2070628 


8-8104 


96 


24-7816 


29-2810 


4-4995 


36- 


207-0628 


216-0000 


8-9372 


10-0 


270000 


81-62-28 


4-6-228 


37- 


2160000 


2260622 


9-0622 


105 


29-2810 


340239 


4-7429 


38- 


225-0622 


284-2477 


91866 


11-0 


31-6228 


86-4829 


4-8601 


39- 


234-2477 


243-6649 


9-8072 


11-6 


34-0239 


38-9984 


4-9745 


40- 


243 6549 


252-9822 


9-4-273 


12-0 


36-4829 


41-6692 


60863 


41- 


262-9822 


262-6281 


9-6469 


12'5 


38-9984 


441942 


* 6-1968 


42- 


262-6281 


272-1911 


9-6680 


13-0 


41-6692 


46-8722 


6-3030 


43- 


2721911 


281-9690 


9-7788 


13-6 


441942 


49-6022 


6-4080 


44- 


281-9699 


291-8630 


9 8981 


14-0 


46-8722 


62-3832 


6-6110 


46- 


291-8680 


801-8602 


100062 


14-6 


496022 


66-2144 


6-6122 


46- 


301-8692 


311-9872 


101180 


16-0 


62-3832 


680947 


6-7116 


47- 


311-9872 


322-2168 


10-2286 


16-5 


66-2144 


61-0236 


6-8092 


48- 


322-2168 


332-6638 


103380 


16-Q 


68-0947 


64- 


6-9063 


49- 


332-6588 


3430000 


10-4462 


16-5 


610236 


67-0247 


60011 


60- 


8430000 


353-5634 


10-6684 


17-0 


64- 


70-0928 


6-0928 


51- 


363-6684 


364-2128 


10-6694 


176 


67-0247 


73-2078 


6-1831 


62- 


364-2128 


374-9773 


10-7646 


18-0 


700928 


76-3676 


6-2747 


53- 


374-9773 


386 8468 


10-8686 


18-6 


73-2078 


795716 


6'3637 


64- 


386-8468 


896-8178 


10-9715 


19-0 


76-3676 


8-2.8191 


6-4616 


66- 


396-8173 


407 8909 


11-0736 


19-6 


79-6716 


861097 


6-6382 


56- 


407-8909 


419-0656 


11-1747 


20-0 


82-8191 


89-4427 


6-6286 


67- 


419-0666 


430-8406 


11-2760 


206 


861097 


92 8177 


6-7080 


68- 


430-3406 


441-7148 


11-3742 


21-0 


89 4427 


96-2341 


6-7914 


69- 


442-7148 


4631876 


11-4728 


21-6 


92-8177 


99-6914 


6-8737 


60- 


463-1876 


464-7580 


11-5704 


22-0 


96-2341 


1031892 


6-9661 


61- 


464-7680 


476-4262 


11-6672 


22-6 


99 6914 


1067269 


7 0366 


62- 


476-4262 


488-1885 


11-7683 


23- 


1031892 


110-3041 


7-1149 


63- 


488-1886 


6000470 


11-8686 


23-6 


106-7269 


113 9206 


71936 


64- 


600 0470 


6120000 


11-9530 


24- 


110-3041 


117-6766 


7-2714 


66- 


6120000 


6240468 


120468 


26- 


117-6766 


126- 


7-4246 


66- 


524-0468 


6361866 


12-1897 



Values of n from 8'6 to 66. 
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THE DISCaafAROB OF WATER FROM 



TABLE Y, — CoefficienU of Discharge for Different Ratios of the 

Channel to the Orifice. 

Coefficients for Heads in still water *550 and *57d. 





CotOdent -350 ft>r haadi in 1^1 I 


Coeffldent -573 for headi in atiU 








water. 






water. 






Ratio 
















of the 


Ratio of 




Coefflciento 


RaUoof 




CoefBcients 




chumal 


the height 


Ibrorlfloec: 


forweirt: 


the height 


fororifloa: 






to the 


doe to the 


the headi 


the heads 


due to the 


; the heads 


the heads 




oriflce. 


Telocity of 




meaattred 


Telocity of 


measured 


measuied 






approach 


to the 


thelUl 


approach 


to the 


thcAiU 






to the head. 


oentiw. 


depth. 


to the head. 


oentrea. 


depth. 




80- 


•000 


•660 


•660 


•000 


•678 


•673 




20- 


•001 


'660 


•661 


•001 


•678 


•674 




16- 


•001 


•660 


•661 


•001 


•678 


•674 




10- 


•003 


'661 


•662 


•008 


•674 


•676 




9- 


•004 


'661 


•668 


•004 


•674 


•576 




8- 


•006 


'661 


•664 


•006 


•674 


•677 




7- 


•006 


•662 


•666 


•007 


•676 


•678 




6- 


•008 


•662 


•567 


•009 


'676 


•680 




6-6 


•010 


•668 


•668 


•Oil 


•676 


•682 




60 


•012 


'668 


•659 


•018 


•677 


•684 




4-6 


•016 


•564 


•662 


•016 


•578 


•686 




4-0 


•019 


•666 


•666 


•021 


•679 


•689 




3-76 


•022 


•666 


•666 


•024 


•580 


•692 




3-60 


•026 


•667 


•669 


•02d 


•681 


•594 




325 


•029 


'668 


•672 


•082 


•682 


•698 




80 


•086 


•669 


•576 


•038 


•684 


'602 




2-76 


•042 


•661 


•680 


•046 


•686 


•607 




2-60 


•061 


•664 


•586 


•066 


•689 


'614 




226 


•064 


'567 


•694 


•069 


•698 


•623 




200 


•082 


•572 


•606 


•089 


•698 


•686 




1-96 


•086 


•573 


•609 


•094 


•699 


'689 




1-90 


•091 


'676 


•612 


•100 


•601 


•643 




1-86 


•097 


•576 


•616 


'106 


•608 


•647 




1-80 


•108 


'678 


•619 


•113 


•604 


•661 




175 


•110 


•679 


•628 


•120 


•606 


•666 




170 


•117 


•681 


•627 


•128 


•609 


•660 




1-66 


•126 


•688 


•682 


•137 


•611 


•666 




1*60 


•184 


•686 


•687 


•147 


•614 


•671 




1-65 


•144 


•688 


•648 


•168 


•617 


•678 




1*60 


•166 


•691 


•649 


•171 


•620 


•686 




1-46 


•168 


•694 


•666 


•186 


•624 


•694 




1-40 


•188 


•598 


•664 


•201 


•628 


•703 




1-85 


•199 


•602 


•678 


•220 


•688 


•718 




1-80 


•218 


•607 


•688 


•241 


•688 


•724 




125 


•240 


•612 


•696 


•266 


•646 


•787 




1-20 


•266 


•619 


•707 


•296 


•662 


•768 




1-16 


•297 


•606 


•723 


•880 


•661 


•770 




MO 


•888 


•686 


•741 


•372 


•671 


•791 




106 


•378 


•646 


•762 


•424 


•684 


•816 




1-00 


•484 


•659 


•787 


•489 


•699 


•846 





See the auxiliary table, p. 180. 
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TABLE F. — Coeffidenta of Discharge for different Batios of the 

Channel to the Orifice. 

Coefficients for heads in still water '584 and '595. 





Ooeffldent 'SM for limdi in stttl 


Co6aidenf505lbrhe*dsiAatm I 






water. 






water. 




Ratio of 














the 


Ratio or 


Coefflcientf 


Coefflcientf 


Ratio of 


Coeffldenta 


Coeffioienti 


channel 


the height 




Ibr wein : 


the height 


for orifices: 


for weirs: 


to the 


due to the 


the headi 


the head! 


doe to the 


the heads 


the heads 


orifice. 


velocltj of 


measnred 


measured 


relocitj of 


measured 


measured 




approach 


to the 


thofUU 




to the 


thefttU 




to the hedd. 


oentret. 


depth. 


to the head. 


oentxes. 


depth. 


SO- 


•000 


•684 


•684 


•000 


•695 


•595 


SO- 


•001 


•684 


•686 


•001 


•595 


•696 


16- 


•002 


•684 


•686 


•002 


•596 


•696 


10- 


•003 


•686 


•687 


•004 


•596 


•698 


9-0 


•004 


•686 


•688 


•004 


•696 


•699 


10 


•006 


•686 


688 


•006 


•697 


•600 


70 


•007 


•686 


•690 


•007 


•697 


•601 


60 


•010 


•687 


•692 


•010 


•698 


•603 


6-6 


•Oil 


•687 


•693 


•012 


•699 


•605 


50 


•014 


•688 


•695 


•014 


•699 


•607 


4-6 


•017 


•689 


•698 


•018 


•600 


•610 


40 


•022 


•690 


•601 


•023 


•602 


•613 


3-76 


•025 


•691 


•604 


•026 


•603 


•616 


3-50 


•029 


•592 


•606 


•030 


•604 


•619 


3-25 


•033 


•694 


•610 


•036 


•605 


•622 


30 


•039 


•696 


•614 


•041 


•607 


•627 


276 


-047 


•698 


•620 


•049 


•609 


•633 


2-60 


•068 


•601 


•627 


•060 


•613 


•641 


2-26 


•072 


•605 


•637 


•076 


•617 


•651 


20 


•093 


•611 


•661 


•097 


•623 


•666 


1-96 


•099 


•612 


•664 


•103 


•626 


•669 


100 


•104 


•614 


•660 


•109 


•627 


•673 


1-85 


•111 


•615 


•662 


•115 


•628 


•678 


1-80 


•118 


•617 


•666 


•123 


•630 


•682 


1-76 


•125 


•620 


•671 


•131 


•633 


•687 


1-70 


•134 


•622 


•676 


•140 


•636 


•693 


1-66 


•143 


•624 


•682 


•149 


•638 


•699 


1-60 


•164 


•627 


•689 


•160 


•641 


•706 


1-66 


•166 


•631 


•696 


•173 


•644 


•713 


1-60 


•179 


•634 


•703 


•187 


•648 


•721 


1-46 


'194 


•638 


•712 


•202 


•652 


•730 


1-40 


•211 


•643 


•722 


•220 


•657 


•741 


1-36 


•230 


•648 


•732 


•241 


•663 


•762 


1-30 


•263 


•664 


■746 


•265 


•669 


•765 


1-26 


•279 


•661 


•759 


•293 


-677 


•780 


1-20 


•310 


•669 


•775 


•326 


•685 


•797 


116 


.348 


•678 


•794 


•366 


•695 


•818 


4-10 


•393 


•689 


•816 


•414 


•707 


•842 


1-05 


•448 


•703 


•842 


•473 


•722 


•870 


1-00 


•618 


•719 


•874 


•548 


•740 


•906 



tiee the auxiliary table, p. 186. 
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TABLE V.—CoefficisrUs of Discharge for different Batios of the 

Channel to the Orifice, 

Coefficients for heads in still water '606 and *617. 





Coeffldent -606 for heads U 
aUU water. 


Coeffldent -tflT for heads ia 
stfU water. 


Ratio 














of the 
chenael 
to the 
oriflce. 


Ratio of 
the height 
doe to the 
velodfy of 

to'theheid. 


Coeflcienta 

ftvoriiloaa: 

the heads 

meaaoied 

to the 

oentrea. 


Coefficients 
for welis: 
the heads 
measured 
thelUl 
depth. 


Ratio of 
the hdght 
doe to the 
relodtj of 

tofES'head. 


CoeOdenls 

fororlfioes: 

the heads 

mflaanred 

to the 

eantfes. 


CoeffleieBtB 
forw^rs: 
thehcMls 

theftUl 
depth. 


SO- 


•000 


•606 


•606 


•000 


•617 


•617 


SO- 


-001 


•606 


•607 


•001 


•617 


•618 


16- 


•002 


•607 


•607 


•002 


•618 


•619 


10- 


•004 


•607 


•609 


•004 


•618 


•620 


9-0 


•006 


•607 


•610 


•006 


•618 


•621 


80 


•006 


•608 


•611 


•006 


•619 


•622 


70 


•008 


•608 


•612 


•008 


•619 


•624 


6-0 


•010 


-609 


•616 


•Oil 


•620 


•628 


6-6 


•012 


•610 


•616 


'018 


•621 


•628 


60 


•016 


•Oil 


-619 


•016 


•622 


•680 


4-6 


•018 


•612 


•621 


•019 


•628 


-638 


40 


•028 


•618 


•625 


•024 


•624 


•637 


876 


•027 


•614 


•628 


•0-28 


•626 


•640 


3-60 


•081 


^16 


•631 


•032 


•627 


-643 


3-26 


•086 


•617 


•636 


•037 


•628 


•647 


800 


•043 


-619 


•640 


•044 


•630 


•658 


«-76 


•061 


•621 


•646 


•068 


•638 


•660 


*2-60 


•062 


•626 


•654 


•066 


•637 


•668 


2-26 


•078 


•629 


-666 


•081 


•642 


•679 


200 


•101 


•686 


•681 


•106 


•649 


•696 


1-96 


•107 


^688 


•686 


•111 


•660 


•700 


1-90 


•118 


•639 


•689 


•118 


•662 


•704 


1-86 


•119 


•641 


•693 


•126 


•664 


•700 


1-80 


•128 


•644 


•698 


•133 


•667 


•714 


1-76 


•186 


•648 


•708 


•142 


•669 


•720 


1-70 


•146 


•649 


•709 


•162 


•662 


•726 


1-66 


•166 


•662 


•716 


•163 


•666 


•788 


1-60 


•167 


•666 


•728 


•176 


•669 


•741 


1-56 


•180 


•668 


•781 


•188 


•673 


•749 


1-60 


•196 


•662 


•789 


•204 


•677 


•769 


1-46 


•212 


•667 


•749 


•221 


•681 


•768 


1-40 


•281 


•672 


.760 


•241 


•687 


•780 


1-86 


•262 


•678 


•772 


•264 


•694 


•798 


1-80 


•278 


•686 


.786 


•291 


•701 


•806 


126 


•807 


•698 


•803 


•322 


•709 


•826 


1-20 


•842 


•702 


•821 


•869 


•719 


•846 


116 


•884 


•718 


.843 


•404 


•731 


•868 


110 


•486 


•726 


•868 , 


•469 
•6-27 


•746 


•895 


106 


•499 


•742 


'898 


•768 


•928 


1-00 


•680 


•762 


•936 


•615 


•784 


•969 



See the auxiliary tahle, p. 136. 
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TABLE V.—Coefficimt8 of Discharge far different Ratios 

of the Channel to the Orifice. 

Mean Coefficient -628. 

Coefficients for heads in still water '628 and -639. 





Coefficient -OSS for heads in 
ftlU water. 


stiU water. 


Ratio 














or the 
ohaanel 
to the 
orifloe. 


Ratio of 
the heleht 
doetoUie 
Telocity of 
approach 
to the head. 


Coefficients 

for orifices : 

the heads 

measured 

to the 

eentres. 


Coeffiefents 

for weirs: 

the heads 

measured 

thefoU 

depth. 


Ratio of 
the height 
dne to the 
Telodtj of 

approach 
to the head. 


Coefficients 

fororifloes: 

the heads 

measored 

to the 

centres. 


CoefllcienU 

for weirs: 

the heads 

measured 

thefoU 

depth. 


SO- 


•000 


•628 


•628 


•000 


•639 


•689 


SO- 


•001 


•628 


•629 


-001 


•689 


•640 


16- 


•002 


•629 


•680 


•002 


•640 


•641 


10- 


•004 


•629 


•682 


•004 


•640 


•643 


9-0 


•005 


•680 


•632 


•005 


•641 


•644 


80 


•006 


•680 


•634 


•006 


-641 


•645 


70 


•008 


•681 


•635 


•008 


•642 


•647 


60 


-Oil 


•631 


•638 


•OH 


•648 


•649 


6-6 


-018 


•682 


•640 


•014 


•648 


•661 


6-0 


•016 


•633 


•642 


•017 


•644 


•654 


4-6 


•020 


•634 


•645 


•021 


-646 


-667 


40 


•025 


•686 


•649 


•026 


•647 


•662 


8-76 


•029 


•687 


•652 


•030 


-648 


•665 


8-50 


•088 


•638 


•656 


•084 


•650 


•668 


825 


•089 


•639 


•659 


•040 


•652 


•673 


80 


•046 


•642 


•666 


•048 


•654 


-678 


2-76 


•055 


•645 


•672 


•067 


•657 


•686 


2-50 


•067 


•649 


•682 


•070 


•661 


•695 


2-26 


•084 


•654 


•694 


•088 


•666 


•708 


20 


•109 


•661 


•711 


•114 


•674 


•727 


1-96 


•116 


•663 


•715 


•120 


•676 


•731 


1-90 


•128 


•665 


•720 


•128 


•679 


•786 


1-85 


•180 


•668 


•725 


•135 


•681 


•741 


1-80 


•189 


•670 


•781 


•144 


•684 


•747 


1-76 


-148 


•673 


•787 


•154 


•686 


•758 


170 


•158 


•676 


•748 


•165 


690 


•760 


1-66 


•169 


•679 


•750 


•176 


•698 


•768 


160 


•182 


•688 


•758 


•190 


•797 


•776 


1-65 


•196 


•687 


•767 


•205 


•701 


•786 


1-50 


•218 


•692 


•777 


•222 


•706 


•796 


145 


-281 


•697 


•788 


•241 


•712 


•808 


1-40 


•252 


•708 


•800 


•262 


•718 


•820 


185 


•276 


•709 


•814 


-289 


•725 


•836 


1-80 


•804 


•717 


•880 


•319 


•784 


•858 


1-25 


•888 


•726 


•846 


•354 


•743 


•872 


1-20 


•877 


•784 


•866 


•896 


•755 


•895 


115 


•425 


•750 


•894 


•447 


•769 


•921 


110 


-484 


•765 


•924 


•509 


•785 


•953 


105 


•557 


•784 


^•959 
1002 


•588 


•805 


•991 


1-00 


•651 


•807 


•690 


•831 


1-088 1 



See the auxiliary table, p. 186. 
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TABLE v.— Coefficients of Discharge for Different Batios of the 
Channel to the Orifice. 

Coefficients for heads in still water *650 and *667. 





Coeffictent -650 for headi in 
■tUlw»t«r. 


Goeflkdenf 697 for heedf in 
etm water. 


Rfttio — 














of the B 
ohumel th 

orifice. Yt 
to"' 


latloof 
B height 
tetothe 
lodtj of 
}proech 
Lhe head. 


fororlflcet: 

thehewU 

mearared 

to the 

oentrea. 


Coefllcleiito 

for weln: 

the head! 

mearared 

thefoU 

depth. 


Ratio of 
the height 
doe to the 
Telodtjof 

to the head. 


Coeffldenta 
foroiifloei: 

the head! 

meaanied 
to the 

oentrei. 


CoefBcieati 
forweira; 
thebeada 
mearared 
thefaU 
depth. 


30- 


000 


•660 


•650 


•000 


•667 


•667 


20- 


001 


•660 


•651 


•001 


•667 


•668 


16- 


002 


•651 


•652 


•002 


•667 


•669 


lo- 


004 


•651 


•664 


•004 


•668 


•671 


o- 


006 


•662 


•656 


•006 


•669 


•672 


s' 


007 


-662 


•666 


•007 


•669 


•673 


70 


009 


•663 


•658 


•009 


•670 


•675 


60 


012 


•664 


•661 


•012 


•671 


•678 


6-6 


014 


•666 


•663 


•016 


•672 


•680 


60 


017 


•656 


•666 


•018 


•673 


•682 


4-6 


021 


•657 


•669 


•022 


•674 


•687 


40 


027 


•669 


•674 


•029 


•676 


•692 


3-76 


031 


•660 


•677 


•033 


•678 


•6y6 


3-60 


036 


•662 


•681 


•038 


•679 


•700 


3-26 


042 


•663 


•686 


•044 


•681 


•706 


30 


049 


•666 


•692 


•062 


•684 


•711 


2 76 


060 


•669 


•699 


•062 


•687 


•720 


2*60 


078 


•673 


•709 


•077 


•692 


-731 


2-26 


001 


•679 


•723 


•096 


•698 


•746 


2-0 


118 


•687 


•742 


•126 


•707 


•766 


106 


126 


•689 


•747 


•132 


•709 


•771 


1-90 


133 


•692 


•762 


•140 


•712 


•777 


1-86 


141 


•694 


•768 


•149 


•716 


•783 


1-80 


160 


•697 


•764 


•159 


•718 


•790 


1-76 


160 


•700 


•771 


•170 


•721 


•797 


1-70 


172 


•704 


•779 


•182 


•7-26 


•805 


1-66 


184 


•707 


•786 


•195 


•729 


•814 


1-60 


198 


•711 


•795 


•210 


•733 


•823 


1-66 


213 


•716 


•806 


•2-27 


•738 


•833 


1-60 


231 


•721 


•816 


•246 


•744 


•846 


1-46 


261 


•727 


•828 


•268 


•761 


•860 


1-40 


276 


•734 


•842 


•293 


•758 


•874 


1-36 


302 


•74-2 


•868 


•322 


•764 


•888 


1-30 


333 


•761 


•876 


•356 


•776 


•911 


1-26 


371 


•761 


•806 


•398 


•788 


•934 


1-2D 


•416 


•773 


•920 


•446 


•802 


•961 


115 


•469 


•788 


•949 


•506 


•818 


•992 


MO 


637 


•806 


•983 


•680 


•838 


1030 


1-05 


621 


•828 


1024 


•076 


•863 


1-076 


1-00 


732 


•865 


1-074 


•800 


•894 


1133 



See the auxiliary table, p. 136. 
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TABLE V.—CoeffidenU of Discharge for different BcUios of the 
Channel to the Orifice. 

Coefficients for heads in still water>/"^= '7071 and 1. 





Coafflotent -7071 ftv headi in fUU 
water. 


Coeffldeat 1-000 for headi in ftiU 
water. 


Emtio of 














the 
chuinel 
to the 
orifloe. 


BaUoof 
the height 
doe to the 
▼elocltj of 

to^tSSThMd. 


Coefflclenti 
tot orifloes : 

the head! 

meafured 
to the 

oantret. 


Coefflcienta 

fivwein: 

theheadf 

meaiared 

thefuu 

depth. 


Batioof 
the height 
due to the 
Telocity of 
apptoaoh 
tothfthead. 


Coeffldenti 
fororlfloee: 
theheadf 
meaiared 
to the 
oentzee. 


for wein : 
theheadf 
meaflored 
thelUl 
depth. 


30- 


•001 


•707 


•708 


•001 


l^OOl 


1-002 


20- 


•001 


•708 


•708 


•003 


1-001 


1-004 


16- 


•001 


•708 


•700 


•005 


1-002 


1006 


lo- 


•005 


•700 


•712 


•010 


1-005 


1-014 


o- 


•006 


•700 


•713 


•013 


1-006 


1017 


s' 


•008 


•710 


•714 


•016 


1008 


1-0-21 


7- 


•010 


•711 


•717 


•021 


1-010 


1-028 


6- 


•014 


•712 


•721 


•020 


1014 


1-088 


6-6 


•017 


•713 


■723 


•034 


1017 


1-046 


6-0 


•020 


•714 


•727 


•041 


1021 


1-056 


4-6 


•025 


•716 


•731 


•062 


r026 


1-067 


4-0 


•032 


•718 


•737 


•067 


1^033 


1-084 


3-76 


•037 


•720 


•742 


-077 


1-038 


1-006 


3-50 


•043 


•722 


•747 


•080 


1-044 


1-110 


8-26 


•050 


•724 


•763 


•105 


1-051 


1-127 


800 


•050 


•728 


•760 


•126 


1061 


1-140 


2-76 


'071 


•732 


•770 


•162 


1073 


M78 


2-60 


•087 


•737 


•783 


•100 


1001 


1-216 


2*25 


•110 


•746 


•801 


•246 


1-116 


1-260 


200 


•143 


•756 


•826 


•333 


1166 


1-347 


105 


•151 


•760 


•832 


•356 


1166 


1-367 


100 


•161 


•762 


•880 


•383 


M76 


1-380 


1-86 


-171 


•765 


■846 


•412 


M88 


1-413 


1-80 


•182 


•760 


•864 


•446 


1-203 


1-441 


1-75 


•105 


•773 


•863 


•484 


1-218 


1-471 


1-70 


•200 


•778 


•873 


•520 


1-237 


1-606 


1-65 


•225 


•783 


•888 


•570 


1-257 


1-643 


1-60 


•243 


•788 


•805 


•641 


1-281 


1-580 


1-55 


•263 


•706 


•008 


-711 


1*808 


1-638 


1-50 


•286 


•802 


•023 


•800 


1342 


r600 


1-45 


•312 


•810 


•030 


•003 


1870 


1767 


1-40 


•342 


•810 


•058 


1-042 


1-420 


1-864 


1-36 


•378 


•830 


•080 


1216 


1-480 


1-068 


1*80 


•421 


•842 


1-003 


1-440 


1-666 


2-088 


1-25 


•471 


•857 


1^033 


1^778 


1-667 


2-260 


1-20 


•532 


•875 


1-066 


2273 


1-810 


2-400 


115 


•608 


•807 


1-107 


3-100 


2-0-26 


2-844 


1-10 


•704 


•023 


1165 


4-762 


2-400 


3-440 


1-06 


•830 


•057 


1-216 


766 


3-280 


4-803 


1-00 


•1-000 


1-000 


1203 


infinite. 


infinite. 


infinite. 



See the auxiliary table, p. 136, also p. 138« 
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THE DISGHABGE OF WATER FBOM 



TABLE n^^The Ditchargt over Wein or NoteKu of one foot m lemffth, 
in Cubic feet per minute. 

Depths } inch to 10 inches. Coefficients '667 to *617. 

GREATER COEFFICIENTS. 

The Formula at the heade of the Columns give the Value of the Diaeharge^ 
D, in Cubic feet per minute, when U the length of the Weir, is taken in 
feet, and the head, h, in inches. For l^h^ we may substitute I h ^h, 
retaining the same standards, . 



Tt^kdlm 


ThMradcil 


Coefflcieiit 


Coefflcient 


Coeffideat 


Coeffldent 


C<MficlaDt 


In 


diichus*. 


•w, 


•650. 


•«39. 


•«28. 


•«17. 


laohflt. 


D» 


D= 


D« 


D = 


D = 


D=: 




7-7SIv^M. 


615 l^/M. 


5-02l\/S5. 


4-93 l\/J?. 


4-85 ly^W. 


4-7« l\^. 


•26 


•966 


•644 


-627 


•617 


•606 


696 


•6 


2-730 


1-821 


1775 


1-744 


1714 


1-684 


•76 


6016 


3-346 


3-260 


3-206 


3-160 


3-096 


1- 


7722 


6-161 


6019 


4-984 


4-849 


4*764 


1-26 


10792 


7-198 


7-016 


6-896 


6777 


6669 


1-6 


14186 


9*462 


9221 


9-066 


8-909 


8*753 


1-76 


17-877 


11-924 


11-620 


11-423 


11-227 


11-080 


2- 


21-842 


14-669 


14197 


18 957 


13717 


13-477 


2-26 


26062 


17*383 


16-940 


16-664 


16*367 


16080 


2-6 


30*624 


20-360 


19-841 


19*506 


19169 


18-833 


2-76 


86216 


23*489 


22 890 


22-603 


22-116 


21728 


8- 


40^126 


26*763 


26-081 


25-640 


25-199 


24*767 


8*25 


46-244 


30178 


29-408 


28-911 


28-413 


27-916 


3-6 


60 663 


33-726 


82-866 


32 310 


31-754 


31-197 


8-76 


66077 


87-403 


36*450 


35-833 


36*216 


34-599 


4- 


61777 


41206 


40-156 


39-476 


38-796 


38-116 


4-26 


67-668 


46*128 


43 978 


43-233 


42-489 


41-746 


4*6 


73714 


49*167 


47-914 


47103 


46-292 


45-482 


4-76 


70*942 


68*321 


61-962 


61-083 


60*203 


49 3*24 


6- 


86*336 


67-686 


66118 


65-168 


54-218 


63 269 


6-26 


92*891 


61*968 


60-379 


59-357 


58-336 


67-314 


6-6 


99*604 


66-436 


64743 


63-647 


62-661 


61*466 


676 


106-472 


71017 


69 207 


68036 


66-864 


65*693 


6- 


113*491 


76698 


73769 


72 621 


71*272 


70024 


626 


120 657 


80-478 


78-427 


77100 


75*772 


74-445 


6-6 


127*969 


86 356 


83-180 


81-772 


80-366 


78-957 


6-76 


136-422 


90-326 


88-024 


86-636 


85-046 


83-655 


7- 


143016 


95-391 


92-960 


91-887 


89*813 


88*240 


7-26 


160-744 


100 646 


97-983 


96 326 


94-667 


93009 


7-6 


l68-6*)8 


105*792 


103096 


101-360 


99 606 


97*861 


7-76 


166*604 


111126 


108-292 


106*460 


104 6-27 


102-795 


8- 


174731 


116*646 


113-575 


111-653 


109-731 


107-809 


8-26 


182-984 


122*051 


118-940 


116 9-27 


114-914 


11*2*901 


8-6 


191*366 


127-640 


124-387 


122*282 


120-177 


118*072 


8-76 


199-869 


133-313 


129-915 


127 716 


l-25*6i8 


123319 


9- 


208*496 


139067 


136 6-22 


133-229 


130 936 


128-642 


0-26 


217243 


144*901 


141-207 


138818 


136*428 


184-039 


9*6 


226111 


160-816 


146972 


144-486 


141-997 


189*610 


9-76 


286*093 


166*807 


162-810 


160 226 


147-639 


.145-058 


10- 


244198 


162*877 


168-725 


156-039 


163*363 


160*666 



See pp. Ill to 127. 
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TABLE n.-~The DUcharge aver Wein or Notches of one foot in length, 

in Cubic feet per minute. 

Depths 10*26 inches to 82 inches. Coefficients '667 to 'Bl?. 



OKBATER COEFFICIENTS. 



The Formula at the heads of the CokmnM give the Value of the Discharge 
Df in Ctibie feet per minute, when I, the length of the Weir, is taken in 
feet, and the head, h, in iwhes. For I ^1? we may substitute I h ^h, 
retaining the same standards. 



Heada 
in 






Coeffleient 


Goeffldent 


Goeffldent 


Goeffldent 


dlMharge 


•«67. 


•660. 


•680. 


•6aB. 


■617. 


inohet. 


D- 


D = 


D = 


D« 


D« 


D = 


T-TSJV^O: 


6-15 iV^. 


(Kttiy^. 


4-Be«\/*». 


4-86«V^. 


4-76iv^. 


10-26 


268-407 


169.028 


164-716 


161-927 


169-140 


166-362 


10*5 


262-784 


176-244 


170-777 


167-887 


164-997 


162107 


1076 


272173 


181-640 


176-918 


178*919 


170-9-26 


167-931 


11- 


281-723 


187 909 


188-120 


180-021 


176-922 


173-828 


11-26 


201-382 


194-862 


189-398 


186-193 


182-988 


179 782 


11-6 


80M48 


200-866 


196-746 


192-434 


189121 


185*808 


11-76 


811024 


207-461 


202164 


198*743 


196-321 


191-900 


12- 


821- 


214-107 


208*660 


206 no 


201 ^bS 


198-057 


12-6 


341-276 


227-628 


221-826 


218072 


214-818 


210-664 


18* 


861 -950 


241-421 


236-268 


231*286 


227*806 


228-323 


18-6 


388*081 


266-482 


248-970 


244-767 


240-643 


236-830 


14- 


404-607 


269806 


262-930 


268-480 


254*030 


249-681 


146 


426-368 


284'887 


277-139 


272-449 


267*759 


263-069 


16- 


448-611 


299-223 


291-697 


286-662 


281-728 


276-793 


166 


471-228 


8]4-809 


806-298 


801-116 


295-931 


290-748 


16- 


404-212 


329*689 


321*238 


816 801 


310-866 


804-929 


16 6 


617-668 


846-211 


336-413 


830-7-iO 


326026 


319-333 


17- 


641-261 


861021 


861-820 


846-866 


339-912 


333-958 


17-6 


666-816 


877 066 


367-466 


861-286 


366018 


348-799 


18- 


689-716 


393 340 


883*316 


376-828 


870-841 


863-854 


18-6 


614*448 


409-833 


399-388 


892629 


386-870 


879-111 


10- 


689-638 


426-669 


416-696 


408*662 


401627 


894-592 


19-6 


664-944 


448-618 


43-2-214 


424*899 


417-686 


410-270 


20- 


690-682 


460*686 


448*943 


441*346 


483*748 


426-151 


20-6 


716 737 


478064 


466*879 


467*996 


460-111 


442-227 


21- 


743 1-26 


496 664 


488031 


474-857 


466-683 


458-508 


21-6 


769-828 


618 472 


600*386 


491*917 


488-449 


474 981 


22- 


796 832 


631487 


617-941 


609*176 


600-410 


491-645 


22-6 


824-J51 


649-709 


636*698 


62(('682 


617-667 


608-601 


23- 


861776 


668134 


668-664 


644 284 


634-915 


625-645 


286 


879 700 


686.760 


671*806 


662128 


662-462 


642-776 


24- 


9f»7-926 


606-686 


690*161 


680*164 


670177 


660190 


26- 


966-263 


643 824 


627*414 


616*797 


606-179 


695-561 


26- 


1023-748 


682-840 


666*436 


664*175 


642-914 


631-653 


27- 


1083-876 


722 611 


704194 


692*277 


680-360 


668-442 


28- 


1144116 


768126 


748*676 


731-090 


718-605 


705-9-20 


29" 


1206 960 


804-369 


783-868 


770-602 


767-387 


744071 


80 


1268-864 


846-332 


824*762 


810*804 


796-847 


782-889 


81- 


1882-883 


889 000 


866-341 


861-680 


837019 


822-358 


82- 


ia»7-842 


982-361 


908-697 


893-221 


877-845 


862-469 
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TABLE VI^-'The Discharge over Weirs or Notches of one foot in length, 
in Cubic feet per minute. 
Depths 33 inches to 72 inches. Coefficients *667 to *617. 

GBEATEB COEFFICIEHTS. 

The Formula at the heads of the Columns give the Value of the Discharge^ 
D, in Cubic feet per minute, when U the length of the Weir, is taken in 
feet, and the head, h, in inches. For I ^h* we may subetitute I h ^Jd. 
retaining the same standards. 



Heads 




Coeffiaieat 


Ooeffldeat 


Coefficient 


Goeffldest 


Goefleifliit 


in 


diaohttrge 


•667. 


•650. 


-689. 


H»& 


•617. 


incheo. 


D = 


D = 


D = 


D» 


D = 


D = 


7-72 «v^. 


6151v'a^. 


6-oajv^*5. 


4-»lv^. 


4-851-v/M. 


4-76 I V^- 


33- 


1468-876 


976-406 


961-619 


985-416 


919 814 


008-211 


84- 


1630-917 


1021-122 


996-096 


978-266 


961-416 


944-576 


36- 


1698*96] 


1066-600 


1039-318 


1021-730 


1004-141 


986-553 


36- 


1667-964 


1112-632 


1084-177 


1065-829 


104^-481 


1029-134 


37- 


1737-943 


1169 208 


1129-668 


1110-546 


1091-428 


1072-311 


38- 


1808-876 


1206-620 


1176-769 


1156-871 


1186-974 


1116-076 


39- 


1880-746 


1264-468 


1222-486 


1201-797 


1181108 


1160-420 


40' 


1963-644 


1303014 


1269-804 


1248-81 5 


1226-826 


1-206 387 


41- 


-i027-268 


1352181 


1317718 


1295-418 


1278-118 


1260-818 


42- 


2101-876 


1401-951 


1366-219 


1843-099 


J819-978 


1296-857 


43- 


2177-387 


1462-317 


1415-302 


1891-850 


1367-399 


1348-448 


44. 


2263783 


1603-273 


1464-959 


1440-167 


1416 876 


1890-584 


46- 


2331062 


1664812 


1616-184 


1489-542 


1468-901 


1488 259 


46- 


2409183 


1606*9-26 


1565-969 


1639-468 


1512-967 


1486 466 


47- 


2488-170 


1669-609 


1617-311 


1589-941 


1662-571 


1685-201 


48- 


2668- 


1712866 


1669-200 


1640*952 


1612-704 


1684-456 


49- 


2648*666 


1766 660 


1721-683 


1692-498 


1668862 


1684-2-27 


50- 


2730-160 


1821021 


1774-604 


1744-572 


1714-640 


1684-509 


61- 


2812-474 


1876920 


18-28-108 


1797-171 


1766-234 


1785-296 


62- 


2896-697 


1931-363 


1882-138 


1850-286 


1818*435 


1786-588 


63- 


2979*626 


1987-343 


1936-691 


1903-916 


1871142 


1838-367 


64* 


3064-263 


2043-867 


1991-764 


1958-068 


1924-351 


1890-644 


66- 


3149-766 


2100-887 


-2047-341 


2012-693 


1978-046 


1948-899 


66- 


3*236 060 


2168-446 


2108-433 


2067-836 


208-2-239 


1996-648 


67- 


3323-117 


2216-619 


2160-0-26 


2123-472 


2086-917 


2050-863 


58- 


3410*946 


•2275-101 


•2217-116 


2179-594 


2142074 


2104-564 


69- 


3499-642 


2334-196 


2274-702 


2236-207 


2197712 


2159-217 


60- 


3688-889 


2393-789 


2332778 


2293-300 


2258-8-22 


2214-344 


61- 


3678 984 


2463-882 


2391840 


2350-871 


2310-402 


1^269-938 


6i- 


3769-825 


2514*473 


-2450-886 


2408-918 


2367-450 


23-25-982 


63- 


3861-393 


2676-649 


2609-905 


2467-430 


-2424-955 


2382-479 


04- 


3963-604 


2637114 


2569-901 


-2626-410 


2482-920 


-2439-429 


66. 


4046-720 


2699']62 


2630-868 


2686-854 


2541-840 


2496-826 


oa- 


4140-466 


2761-690 


-2691-302 


2645-767 


2600-212 


2554-667 


07- 


4234-922 


2824-693 


2762-690 


2706-115 


-2659 531 


2612-947 


68. 


4330-086 


•2888-167 


2814-656 


2766-925 


•2719-294 


2671-668 


69. 


4426-954 


2952-111 


2876-870 


28^28-186 


•2779-499 


-2730-814 


70. 


4622-616 


3016618 


•2939^636 


2889-888 


2840-140 


2790-392 


71. 


4619-774 


3081-889 


3002-853 


2952-036 


•2901-218 


2860-401 


72. 


4717-718 


3146-718 


3066 518 


3014-622 


3962-727 


2910-882 



See pp> 111 to 1974 
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TABLE VL^The ZHseharge over Wein or Notches of one foot in length, 
in Cubic feet per minute. 

Depths i inch to 10 inches. Coefficients '606 to 'SIS. 

LESSER COEFFICIENTS. 

The Formula at the heade of the CoUmne give the Value of the DUeharge, 
D, in Cubic feet per minute, when I, the length of the Weir, is taken in 
feet, and the head, h, in inches. For l^}^ we may substitiOe I h^Jh 
retaining the same standards. 



Heads 
In 


CkMffldent 
•606 


Ooeffldent 
•685 


OodBoent 

•684 


Coeffldent 
*56a 


Ooflffldani 
•640 


CodHdent 
•618 


inehM. 


D = 


4*69 l\/^^. 


4-51 l\/ft». 


4-84 J\A». 


4-17 J V^. 


4lv^. 


•26 


•686 


•674 


•664 


•642 


•521 


•600 


•6 


1*654 


1*624 


1*604 


1-634 


1-474 


1*414 


76 


3*039 


2-985 


2-929 


2-819 


2-708 


2*598 


V 


4-680 


4*595 


4-510 


4*340 


4-170 


4-000 


1-26 


6*540 


6-421 


6-303 


6*065 


5-8*28 


5-590 


1-5 


8*697 


8*441 


8-284 


7*973 


7-660 


7*348 


175 


10-833 


10*637 


10-440 


10*047 


9*653 


9*260 


2- 


13-236 


12*996 


12756 


12-276 


11*795 


11*314 


2-25 


16-794 


16-607 


16-220 


14-647 


14*073 


13*500 


2-5 


18-498 


18-162 


17-826 


17-155 


16-483 


16*811 


276 


21-340 


20-953 


20*566 


19-791 


19*016 


18-241 


3- 


24*316 


23*874 


23-433 


22-550 


21-668 


20786 


8-25 


27-418 


26*920 


26-422 


25*427 


24-482 


23*436 


3*6 


30-641 


30-085 


29-5-29 


28*416 


27-304 


26192 


875 


83-982 


33*366 


32-749 


31*516 


30-281 


29*048 


4- 


37-437 


36*757 


36-078 


34-719 


33*;60 


32*000 


4-25 


41*001 


40-256 


39-512 


38-024 


36*536 


36-047 


4-5 


44-671 


43*860 


43-049 


41*427 


39*806 


38*184 


476 


48-446 


47-565 


46*686 


44-927 


43-169 


41*410 


6- 


52319 


51*369 


50-420 


48-520 


46-621 


44*7-22 


6"25 


56*292 


56-270 


54*248 


52-205 


50*161 


48-117 


6-6 


60*360 


59*264 


68-169 


55-977 


53*786 


51-595 


675 


64*522 


63*351 


0-2*180 


59-837 


57-495 


55-163 


6- 


68*776 


67-527 


66*279 


63-782 


61-285 


58788 


6*26 


73118 


71791 


70-464 


67-«09 


65-165 


62-500 


6-6 


77*649 


76142 


74*734 


71-919 


69-103 


66-?^ 


676 


82066 


80-576 


79-086 


76*107 


73-128 


70-149 


7- 


86-667 


85*094 


83-521 


80*374 


77-228 


74-082 


7-26 


91-361 


89*693 


88-034 


84718 


81-402 


78*085 


7-6 


96116 


94*372 


9-2-627 


89*138 


85-648 


82159 


776 


100*962 


99-129 


97-297 


93-631 


89-966 


86-301 


8- 


106*887 


103-966 


102*043 


98*199 


94-356 


90511 


8-26 


110-889 


108*876 


106-863 


102-837 


98-812 


94*786 


8-5 


115'967 


113*862 


111-767 


107*547 


103-337 


991*27 


875 


121*121 


118-922 


116-7-23 


112-326 


107-929 


103-532 


9- 


126*349 


124*066 


121*762 


117*176 


11*2-588 


108*001 


9-25 


131-649 


129*259 


126*870 


122 090 


117-311 


11-2-532 


95 


137023 


134*536 


132*048 


127074 


12-2-100 


117*125 


976 


142*467 


139-881 


137-294 


132122 


126-950 


121*778 


10- 


147-991 


146*296 


142-609 


137 237 


131-864 


126*492 
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THE DISCHARGE OF WATER FROM 



TABLE VL — The Discharge over Wein or Notches of one foot in length, 
in Cubic feet per minute. 

Depths 10*25 inches to 32 inches. Coefficients -606 to '518. 

LES&EB COEF7ICIXNT8. 

The Formula at the heads of the Columns give the Value of the Discharge, 
D, in Cubic Jeet per minute, when I, the length of the Weir, is taken in 
feet, and the head, h, in inches. For l»y h* we may substitiUe Ihy/ h* 
retaining the same standards. 







Coeffldent 


Coeffloient 


Coeffloient 




Coefldent 


Heads 


-606. 


•685. 


-684. 


•562. 


-540. 


•61S. 


in 


D = 


D = 


D = 


D = 


D = 


D = 


InchM. 


4-68 I -v/m. 


4-89 1 v^W. 


4-61 1 v'W. 


4-84 1 v^. 


4-17 I -v^. 


4iv^J^. 


10-26 


163-665 


150-777 


147-990 


142-416 


136-840 


131-265 


10-6 


159-217 


156-327 


153-437 


147-657 


141-8^6 


136096 


1076 


164-937 


161-943 


158*949 


162 961 


146974 


140-986 


11- 


170-724 


167 626 


164-526 


168-328 


152130 


145-983 


11-25 


176-677 


173 372 


170 167 


163-756 


157-846 


150-936 


11-6 


182-496 


179-183 


176-870 


169-246 


162-620 


155-995 


11-75 


188-479 


185069 


181-636 


174-794 


167 952 


161*109 


12- 


194'6-26 


190-995 


187-464 


180-402 


173-340 


166-278 


12-6 


206-810 


203-066 


199 302 


191*794 


184 286 


176-778 


13- 


219-342 


215-360 


211-379 


203415 


196-453 


187*490 


13-5 


232117 


227 903 


223690 


216263 


206-837 


198-410 


14- 


245131 


240-682 


236-232 


227 338 


218-434 


209*585 


146 


258-379 


253-689 


248-999 


239619 


230-239 


220-869 


15- 


271-868 


266-9-24 


261 989 


252-119 


242-250 


282-880 


15-5 


285-564 


280-381 


276197 


2b4.830 


264-403 


244-096 


16- 


299-492 


294*056 


288-6-20 


277-747 


266 875 


256 001 


16-5 


313-640 


307*947 


302-263 


290-868 
3()4189 


279 481 


268096 


17- 


328004 


322*060 


316-096 


292-281 


280-373 


17-6 


342-581 


386-362 


330] 44 


3i7-7U7 


305-270 


2b2'833 


18- 


357-367 


360-880 


344-394 


381-4-JO 
345-317 


318-446 


305-472 


18-5 


372-362 


365 694 


358-835 


831-799 


318-241 


19 


387-667 


380-:.22 


373 487 


369-418 


346-348 


331-278 


ID'S 


402*956 


396-642 


388-3-27 


373-699 


869-070 


344-441 


20- 


418-563 


410-959 


403-368 


388163 


372*968 


367-773 


20-5 


434-343 


426-458 


418674 


402-806 


387-038 


371-270 


21- 


460-334 


442-169 


433-985 


417-636 


401-288 


884-939 


21-6 


466*513 


468-045 


449-577 


482641 


415-704 


398-768 


22- 


482-880 


474116 


465-360 


447*819 


480-289 


412-759 


22-6 


499-436 


490-870 


481-304 


463173 


446042 


426-910 


23- 


517176 


506-806 


497-437 


478-698 


459*959 


441-219 


23*6 


533098 


623-421 


613-745 


494-391 


476-038 


465 685 


24- 


560-203 


540-216 


580-228 


510-254 


490 280 


470-805 


26- 


584-943 


5743-26 


563-708 


542-472 


521-237 


500-001 


26- 


620-391 


609130 


697 869 


576-846 


652-824 


580-801 


27- 


666-526 


644*608 


682-691 


608-857 


685;028 


561-188 


28- 


693 334 


680-749 


6 


58164 


642-998 


617*823 


692-652 


29- 


730-806 


717-640 


7 


)4-275 


677-744 


651-213 


624-682 


30- 


768-932 


754-974 


7 


n-017 


713-102 


6b5*187 


657-272 


31- 


807-697 


793036 


7 


r8-374 


749-052 


7 19 780 


690-407 


32- 


847-092 


831716 


a 


16-340 


786-687 


7b4*886 


724082 



See pp. Ill to 127. 
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TABLE VL—The Diwharge over Weirs or Notches of one foot in len^fth, 
in Cubic feet per minute. 

Depths 33 inches to 73 inches. Coefficients -606 to *518. 

LESSER COEFFICIENTS. 

The Formuke at the heads of the Columns give the Value of the Discharge, 
D, in Cubic feet per minute, whence I, the length of the Weir, is taken in 
feet, and the head, h, in indies. For l^T* we may substitute I hy/ h^ 
retaining the same standards. 



Hradt 


Coefficient 


Coefficient 


Coefficient 


Coefficient 


Coefficient 


Coefficient 


in 


•«06. 


•595. 


-584. 


•5fl2. 


-54D. 


•518. 


inchM. 


D= 


D = 


D« 


D = 


D« 


D» 




4fl8/v'A9. 


4-50 /v^ 


4-51* v^. 


4-34 /y^. 


4-17/ >/a*. 


4i>/w: 


88- 


887-108 


871-006 


854-903 


822-698 


790*493 


768-287 


34- 


927 736 


910-896 


894066 


860-376 


8-;:6-696 


793-016 


35- 


968-964 


951-376 


933-787 


898-610 


863-434 


828-267 


36- 


1010-786 


992-439 


974091 


937-396 


900-701 


864-006 


37- 


1053193 


1034-076 


1014-959 


976*724 


938 489 


900-264 


88- 


1096178 


1076-281 


1066-388 


1016-588 


976793 


936-997 


89- 


1139-732 


1119044 


1098'866 


1056-979 


1016-603 


974-226 


40- 


1183-848 


116-2-369 


1140-870 


1097-892 


1064014 


1011-936 


41- 


1228-618 


1206-219 


1183 919 


1139-310 


1004-710 


1060120 


42- 


1273-737 


1250-616 


1227-496 


1181-254 


1135-013 


1088-772 


43- 


1319-497 


1295-546 


1271-694 


1223-691 


1175-780 


1127-886 


44- 


1366792 


1341001 


1316-209 


1266-628 


1217-043 


1167-460 


46- 


1412-618 


1386-976 


1361334 


1310061 


1258-768 


1207-485 


46- 


1469-965 


1433-464 


1406-963 


1^53*961 


1300-059 


1247-967 


47- 


1507 831 


1480*461 


1453091 


1398-352 


1343-612 


1288-872 


48- 


1556-208 


1527-960 


1499-712 


1443 216 


1386720 


1330-224 


49- 


1605092 


1675-956 


1546*821 


1488-550 


1430-280 


1372009 


60* 


1654-477 


1624-445 


1594-413 


1534-350 


1474*286 


1414-2-23 


61- 


1704-359 


1673-422 


1642-486 


1580-610 


1618*736 


1466-862 


62- 


1754 782 


1722-880 


1691029 


1627-326 


1663-622 


1499-919 


63- 


1805-592 


1772-817 


1740043 


1674-493 


1608*944 


1643-394 


64- 


1856-937 


1823*231 


1789-624 


17221 10 


1664-697 


1687-283 


66- 


1908-751 


1874*104 


1839-457 


1770-162 


1700-868 


1631-673 


66- 


1961046 


1925-460 


1889-853 


1818-660 


1747-467 


1676-274 


67- 


2013-809 


1977-255 


1940-700 


1867 692 


1794-483 


1721-376 


68- 


2067-033 


2029-518 


1991992 


1916-962 


1841-911 


1766870 


69- 


2120-722 


2082-227 


2043-733 


1966743 


1889-753 


1812-763 


60- 


2174-867 


2135-889 


2095-911 


2016-956 


1938-000 


1869 046 


61- 


2229-464 


2188-996 


2148-527 


2067-589 


1986-661 


1906-714 


62- 


2284-514 


2243046 


2201-678 


2118-642 


2036-706 


1952-769 


03 


2340-004 


2297*629 


2256054 


2170-103 


2085-152 


2000-202 


64- 


2395-939 


2352*448 


2308*967 


2221-976 


2134 996 


2048-013 


65- 


2452 312 


2407*798 


2363*284 


2274 267 


2186-229 


2096-201 


66- 


2509122 


2463-577 


2418032 


2826-941 


2236-851 


2144-761 


67- 


2566-363 


2519*779 


2473194 


2380026 


2286-858 


2193-690 


68- 


2624032 


2676-401 


2628*770 


2433-508 


2338-246 


2242-986 


69- 


2682128 


2633-443 


2584*767 


2487-386 


2390-015 


2292-644 


70- 


2740-645 


2690-897 


2641149 


2541654 


2442-159 


2342-663 


71- 


2799-583 


2748-766 


2697-948 


2696-313 


2494-678 


2393-043 


72- 


2868-937 


2807042 


2766147 


2661-368 


2647-668 


2443-778 



<5 






See pp. Ill to 137. 
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THE DISCHAEGE OF WATER FBOM 



TABLE VII.— Far finding the Mean Velocity from the Maanmim 
Velocity at the Surface, in Mill Races, Streams, and Rivers with 
uniform Channels ; and the Maximum Velocity from the Mean 
Velocity. (See p. 184.) 
For the Velocity in feet per minute, multiply by 5. 



Ih 


j&si 


III 


pi 


j&^i 


III 


t|« 


sai 


^U 




11! 


11^ 




ii 


fit 


1 


III 


m 


it! 


III 


III 


111 


III 


«ll 


•84 


•76 


41 


34-24 


33-37 


81 


67-64 


68-86 


2 


1-67 


1-51 


42 


3607 


34-23 


82 


68-47 


69-77 


3 


2-61 


2-27 


43 


36-91 


35-09 


83 


69-31 


7068 


4 


3-34 


304 


44 


36-74 


86-96 


84 


7014 


71-59 


5 


4-18 


3-81 


46 


37-68 


36-82 


86 


70-98 


72-60 


6 


601 


4-68 


46 


38-41 


37-69 


86 


71-81 


73-42 


7 


6-86 


5-36 


47 


39 26 


38-66 


87 


72-66 


74*83 


8 


6-68 


6^14 


48 


40-08 


39-43 


88 


73-48 


75*24 


9 


7«52 


6-92 


49 


40-92 


40-30 


89 


74-32 


76-16 


10 


8-36 


7-71 


60 


41-75 


4117 


90 


7616 


77-08 


11 


9*19 


8-60 


61 


42-59 


42-05 


91 


75-99 


77-99 


12 


1002 


9-29 


62 


43-42 


42-92 


92 


76-82 


78-91 


13 


10-86 


10-09 


63 


44-26 


43-80 


93 


77-66 


79-83 


14 


11-69 


10-88 


64 


4509 


44-68 


94 


78-49 


80-76 


16 


12-63 


11-69 


66 


^ 46-93 


45-66 


95 


79-33 


81-67 


16 


13-36 


12-49 


66 


46-76 


46-44 


96 


8016 


8269 


17 


14-20 


13-30 


67 


47-60 


47-32 


97 


8100 


83-51 


18 


1603 


1411 


68 


48^43 


48-21 


98 


81-83 


84-43 


19 


16-87 


14-92 


69 


49^27 


49-09 


99 


82-67 


85*36 


20 


16-70 


15-73 


60 


60-10 


49-98 


100 


83*50 


86-28 


21 


17-64 


16-66 


61 


50-94 


50-87 


101 


84-34 


87-20 


22 


18-37 


17-37 


62 


51 ^77 


61-76 


102 


86-17 


88-13 


23 


19-21 


18-19 


63 


62-61 


62-65 


103 


8601 


89-06 


24 


20-04 


19-02 


64 


63-44 


63-54 


104 


86-84 


89-98 


25 


20-88 


19-86 


65 


54*28 


54-43 


105 


87-68 


90*91 


26 


21-71 


20-68 


66 


65-11 


65-33 


106 


88-61 


91-84 


27 


22-66 


21-51 


67 


65-95 


66-22 


107 


89-35 


92-77 


28 


23-38 


22-34 


68 


66*78 


67-12 


108 


90-18 


93-69 


29 


24-22 


2318 


69 


57-62 


58-02 


109 


91-02 


94-62 


80 


26-06 


24-02 


70 


68-45 


58-91 


110 


91-85 


95 55 


81 


26-89 


24-86 


71 


59-29 


69-81 


111 


92-69 


96-49 


32 


26-72 


25-70 


72 


6012 


60-71 


112 


93-52 


97-42 


33 


27-66 


26-54 


73 


60-96 


61-61 


113 


94-36 


98-35 


34 


28 39 


27-39 


74 


61-79 


62-62 


114 


9519 


99-28 


36 


29-23 


28-24 


75 


62-63 


63-42 


116 


9603 


100*21 


36 


3006 


2909 


76 


63-46 


64-32 


116 


96-86 


101-15 


37 


30-90 


29-94 


77 


64-30 


65-23 


117 


97-70 


102-08 


38 


31-73 


30-79 


78 


6513 


66-13 


118 


98-53 


10302 


39 


32-57 


31-66 


79 


65-97 


67-04 


119 


99-37 


103-95 


40 


33-40 


32-61 


80 


66-80 


67-95 


120 


100-20 


104-89 
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TABLE VIII,^For finding the Mean Velocities of WaUr flowing 
in Pipes, Drains, Streams, and Bivers, 

For a fall cylindrical pipe, divide the diameter by 4 to find the 
hydraulic mean depth. 

Diametera of pipes J inch to 2 inches. FaUs per mile 1 inch to 

12 feet. 



FaUa per mile In feet and 
mehee, and the 




depths," or * 


< mean radii 


,'and 






ralooltlea in inohes per second. 




FaUs. 


IiudinaUana 
one in 


^i^ch. 


i inch. 


^inoh. 


i inch. 


J inch. 





I. 
1 


68860 


•14 


•24 


•38 


•49 


•57 





2 


81680 


•22 


'37 


•59 


•76 


•90 





8 


21120 


•28 


•48 


•76 


•97 


M5 





4 


16840 


•84 


•57 


•89 


1-15 


1-36 





6 


12672 


•38 


•65 


1-02 


1-30 


1-65 





6 


10560 


•42 


•72 


113 


1-45 


1-72 





7 


9051 


•46 


•78 


V24: 


1^58 


1-88 





8 


7920 


•50 


•85 


1*33 


171 


202 





9 


7040 


•58 


•90 


1-43 


1-83 


216 





10 


6886 


•57 


•96 


1-51 


194 


2-30 


11 


5760 


•60 


1-01 


1-60 


1-96 


2*42 


1 





5280 


•63 


1-06 


1-68 


216 


2-54 


1 


8 


4224 


•71 


1-20 


1^90 


2-43 


2-88 


1 


6 


8520 


•79 


1-33 


210 


2-69 


819 


1 





8017 


•87 


1-45 


2-29 


2-94 


3-48 


2 





2640 


•93 


1-66 


2-47 


8-16 


3-75 


2 


8 


Interpolated. 


•99 


1-67 


2-63 


8-37 


899 


2 


6 


2112 


1-06 


1-77 


2-79 


8-58 


4^24 


2 


9 


Interpolated. 


Ml 


VS7 


294 


8-77 


4-47 


8 





1760 


116 


1^96 


309 


8-96 


4-69 


8 


8 


Interpolated. 


1-21 


206 


3-28 


4-14 


4-91 


8 


6 


1608 


1-26 


214 


387 


482 


612 


8 


9 


Interpolated. 


1-31 


222 


8-60 


4-48 


5^81 


4 





1320 


1-86 


2^30 


8-63 


4*65 


5*61 


4 


6 


Interpolated. 


1-45 


2^45 


8-87 


4-96 


5-88 


6 





1056 


1-54 


2-61 


411 


527 


6*24 


6 


6 


Interpolated. 


1-62 


2-75 


4-33 


5-65 


6-68 


6 





880 


1-71 


2-89 


4*55 


5-88 


6*91 


6 


6 


Interpolated. 


1-78 


3-02 


4-76 


610 


7-22 


7 





754 


V86 


8^15 


4-97" 


6*36 


7^54 


7 


6 


Interpolated. 


193 


3-27 


5*16 


6-61 


7-83 


8 





660 


201 


8^39 


5-85 


6-86 


8-12 


8 


6 


Interpolated. 


2-07 


3-51 


5-53 


709 


8*40 








587 


214 


3-62 


572 


7-32 


8*68 


9 


6 


Interpolated. 


2-20 


3-74 


5*89 


7-56 


8*94 


10 





528 


228 


3^85 


607 


7-77 


9*21 


10 


6 


Interpolated. 


2-38 


3-95 


6-24 


7-99 


9-47 


11 





480 


2-40 


4^06 


6-40 


8-20 


9-72 


11 


6 


Interpolated. 


2^46 


4-16 


667 


8-41 


9-97 


12 





440 


2-62 


4-27 


0-73 


8-62 


10-21 



See p. 196. 
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TABLE VIIL— For finding the Mean Velocities of Water flowing 

in Pipes, Drains, Streams, and Rivers. 
For a full cylindrical pipe, divide the diameter by 4 to find die 

hydraulic mean depth. 
Diameters of pipes J inch to 2 inches. Falls per mile 13 feet to 

6280 feet. 



Falls per mile in feet, and the 


«nydnaliomeaii 


depths," or 


"mean radii" and 


hydraoUo in«»Ht>A«fti^, 




velocitiea in inches per second. 




FalU 


Indinatioiu 
one^ 


T^iBch. 


J inch. 


4 inch. 


i inch. 


l^inoh. 


13-2 


40O 


2-66 


4-60 


7-10 


9-10 


10-78 


13-6 


Interpolated. 


271 


4-69 


7-24 


9-27 


10 98 


U-1 


376 


2-76 


4-67 


7-87 


9-44 


11-18 


14-6 


Interpolated. 


2-82 


4-76 


7-62 


9-68 


1141 


16-1 


360 


2-87 


4-86 


7-66 


9-82 


11-63 


16-6 


Interpolated. 


2-94 


4-96 


7-83 


1003 


11-88 


10-2 


326 


300 


6-07 


7-99 


10-24 


12-13 


17-6 


800 


314 


6-30 


8-37 


10-72 


12-70 


19-2 


276 


3-30 


6-68 


8*80 


11-27 


13-36 


211 


260 


8-48 


6-89 


939 


11-90 


1410 


23-6 


226 


3-70 


6-26 


9-87 


12-66 


14-99 


26-4 


200 


396 


6-70 


10-67 


13-54 


1604 


80-2 


176 


4-28 


7-24 


11-42 


14-63 


17-33 


36-2 


160 


4-68 


7-92 


12-49 


16 00 


18-96 


87-7 


140 


4-88 


8-24 


1300 


16-66 


19-74 


42-2 


126 


6-21 


8-81 


13*90 


17 80 


21-09 


48- 


110 


6-62 


9-60 


14-98 


1919 


22-74 


62-8 


100 


6-94 


1006 


15-86 


20-30 


24-06 


687 


90 


6-33 


10-69 


16-87 


21-61 


25-60 


66- 


80 


6-78 


11-47 


18-10 


2317 


27-46 


76-4 


70 


7-36 


12-42 ' 


19-69 


2609 


29-73 


88- 


60 


8-06 


13-61 


21-48 


27-51 


82*60 


106-6 


60 


8-99 


1519 


23-96 


30-69 


86-37 


117-8 


46 


9-67 


16-18 


25-63 


32-70 


38-76 


1320 


40 


10-28 


17-37 


27-41 


85-11 


41-60 


160-8 


36 


iri4 


18-84 


29-71 


38-06 


46-10 


170- 


30 


12-23 


20-68 


82-62 


41-78 


49-61 


212-2 


26 


13-66 


23-09 


86-43 


46 67 


66-30 


264- 


20 


16-64 


26-44 


41-71 


63-43 


63-80 


362- 


16 


18-61 


31-46 


4963 


63-67 


7633 


628- 


10 


23-73 


4011 


63-28 


8106 


96*06 


686-7 


9 


26-26 


42-70 


67-37 


86-29 


102-25 


660- 


8 


27-08 


45-78 


72-22 


92-51 


109-61 


764-3 


7 


29-29 


49-61 


78-10 


10004 


118*64 


880-0 


6 


3206 


6416 


86-43 


109-43 


129-66 


1066- 


6 


3508 


6016 


94-89 


121-54 


14402 


1320- 


4 


40-40 


68-29 


107-73 


137-99 


163-51 


1760- 


3 


47-48 


80-26 


126-61 


162-17 


19216 


2640- 


2 


69-47 


100-68 


168-69 


20314 


240-70 


6280- 


1 


88-13 


148-97 


286-02 


801-04 


856-70 



See p. 195. 
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TABLE Vni.^For finding the Mean Velocities of Water flowing in 
Pipes, Drains, Streams, and Rivers. 

For a ftdl cylindrical pipe, diyide the diameter by 4 to find the 
hydraulic mean depth. 

Diameters of pipes 2^ inches to 5 inches, FaUs per mile 1 inch to 

Ufeet. 



FftUi p«r mile In feet nd 
h jdnralio InollnAtionB. 


*< HydxsnHo meui deptliB,*' or *< men ndii," and 
reloeitiea in inchea per aeoond. 


FallB. 


IndinaUonf 
one in 


finch. 


finch. 


linch. 


1 inch. 


IJ in. in- 
terpolated. 


v. X. 

1 


63360 


•65 


•73 


•79 


*85 


96 


2 


81680 


1-02 


1-13 


1*23 


1*88 


1-49 


8 


21120 


1-30 


1-45 


1*58 


1*70 


1-91 


4 


15840 


1-54 


1*71 


1-87 


2*01 


2*26 


6 


12672 


1-76 


1-95 


2-13 


2*29 


2-58 


6 


10560 


1-95 


217 


2-36 


2*55 


2-86 


7 


9051 


213 


2*37 


2-68 


2-78 


313 


8 


7920 


2-30 


2-55 


2-78 


800 


3-37 





7040 


2-46 


2-73 


2-98 


3*21 


8-61 


10 


6336 


2-61 


2*90 


816 


3*40 


8*83 


11 


5760 


2-76 


306 


3-33 


3-59 


404 


1 


5280 


2-89 


3*21 


3*50 


3*77 


4-24 


1 3 


4224 


3-28 


3*64 


8-97 


4*27 


4-81 


1 6 


3520 


363 


4*03 


4*39 


4*73 


5*82 


1 


3017 


3*96 


4*39 


4-79 


516 


5-80 


2 


2640 


4-26 


4*73 


5-16 


5*55 


6*26 


2 3 


Interpolated. 


4-56 


504 


5-50 


5*92 


6-66 


2 6 


2112 


4-83 


5-35 


5*84 


6-29 


707 


2 9 


Interpolated. 


509 


5-64 


6-15 


6*12 


7-46 


8 


1760 


5-34 


5*92 


6*46 


6*96 


7-88 


8 8 


Interpolated. 


5-58 


6*19 


6*75 


7-27 


818 


8 6 


1508 


5-82 


6-46 


704 


7-59 


8-53 


8 9 


Interpolated. 


605 


6-71 


7*31 


7-88 


8-86 


4 


1320 


6-27 


6*95 


7*58 


8*17 


9*19 


4 6 


Interpolated. 


6*69 


7*42 


8*09 


8*71 


9*80 


6 


1056 


710 


7*88 


8*59 


9*25 


10*41 


6 6 


Interpolated. 


7-48 


8-30 


9*05 


9-76 


10*97 


6 


880 


7-86 


8*72 


9-51 


10-25 


11-58 


6 6 


Interpolated. 


8'22 


912 


9*94 


10-71 


1205 


7 


754 


8-57 


9*51 


10*37 


11*17 


12*57 


7 6 


Interpolated. 


8-92 


9-89 


10-78 


11-62 


1306 


8 


660 


9-24 


10*25 


1118 


12-04 


13*54 


8 6 


Interpolated. 


9*55 


10-60 


11*56 


12-45 


14-01 


9 


587 


9-87 


10-95 


11-94 


12*86 


14*17 


9 6 


Interpolated. 


1018 


11*28 


12*31 


13-26 


14-91 


10 


528 


10*48 


11-62 


1267 


13*65 


15*36 


10 6 


Interpolated. 


10-77 


11*96 


13*03 


1408 


15*78 


11 


480 


HOC 


12*27 


1338 


14*41 


16*21 


11 6 


Interpolated. 


1134 


12-58 


13*72 


14-82 


16-64 


U 


440 


11*62 


12-89 


14-05 


15*22 


17*07 
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TABLE VIIL^For finding the Mean Velocities of Water flowing in 
Pipes, Drains, Streatns, and Rivers. 

For a full cylindrical pipe, divide the diameter by 4 to find the 
hydraulic mean depth. 

Diameters of pipes 3J inches to 5 inches. Falls per mile 13 feet to 

6280 feet. 



FaUB par mile In feet, and the 




or^meoasodii." 1 


hydninUo inoUnAtions. 




and Telodtiea in inchei 


peroeeood. 




FallB. 


Inclinations 
one in 


ginch. 


finch. 


2 inoh. 


1 inch. 


liin.in. 
teipoiatod. 


18'2 


400 


12-26 


18-60 


14-88 


16-98 


17-98 


18-6 


Interpolated. 


12-49 


18-86 


1611 


16-28 


18-31 


141 


876 


1272 


1411 


16-39 


16-68 


1866 


14-6 


Interpolated. 


12-98 


14-39 


16-70 


16-91 


19-02 


161 


860 


18-28 


14-68 


16-00 


17-24 


19-40 


166 


Interpolated. 


13-62 


14-99 


16-36 


17-62 


19-81 


16-2 


826 


13 80 


16 81 


16-79 


17-99 


20-23 


17-6 


300 


14*46 


1602 


17-48 


18-83 


21-18 


19-2 


276 


1619 


16-86 


1837 


19-79 


22-26 


211 


260 


1604 


17-80 


1940 


20-91 


23-62 


28-6 


226 


17 06 


18-91 


20-62 


22-21 


24-99 


26-4 


200 


18-25 


20-24 


2207 


23-78 


.26-76 


80-2 


176 


19-7 1 


21-87 


23-86 


26-69 


28-90 


36-2 


160 


21-67 


28 92 


26-09 


28-11 


31-62 


87-7 


140 


22-46 


24-91 


27-16 


29-26 


32-92 


42-2 


126 


23-99 


26-62 


2903 


31-27 


86-18 


48- 


110 


25-87 


28-69 


81-29 


33-71 


37-92 


62'8 


100 


27-36 


30-35 


3310 


35-66 


40-11 


687 


90 


2912 


32-31 


36-23 


37-96 


42-69 


66- 


80 


81-23 


84-64 


87-78 


40-70 


46-79 


76-4 


70 


83-82 


37-61 


40-91 


44-07 


49-68 


880 


60 


87-08 


41-13 


44-86 


48-83 


64-86 


106-6 


60 


41-37 


46-78 


60-04 


6891 


60-66 


117-3 


46 


4408 


48 89 


63-32 


67-44 


64-62 


182- 


40 


47-32 


62-49 


67-26 


61-67 


69-87 


160-8 


86 


61-30 


66-90 


62-06 


66-86 


76-20 


176- 


30 


66-82 


62-47 


68-18 


78-40 


82-66 


211*2 


26 


62-90 


69-77 


76-09 


81-97 


92-21 


264- 


20 


72-01 


79-87 


87-11 


98-84 


106-66 


362- 


16 


86-68 


96-06 


108-66 


111-67 


125-61 


628- 


10 


109-26 


12M9 


132-17 


142-39 


16017 


686-7 


9 


116-31 


12901 . 


140-70 


161-68 


170-60 


660- 


8 


124-68 


188-30 


150-83 


162-49 


182-78 


764-3 


7 


134 84 


149-57 


16312 


175-73 


197-67 


880- 


6 


147-69 


163-60 


178-42 


192-22 


21622 


1066- 


6 


163 82 


181-71 


198-17 


213-60 


240-16 


1320- 


4 


185-99 


2b6-31 


225-00 


242-39 


272 66 


1760- 


3 


218'58 


242-46 


264-42 


284-86 


320-48 


2640- 


2 


273-79 


303-70 


83122 


356-82 


401-37 


6280- 


1 


405-74 


460-07 


490-84 


628-79 


594-82 
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TABLE VIII.—For finding the Mean Velocities of Wat^r flowing in 

Pipes, Drains, Streams, and Rivers, 

For a full cylindrical pipe, divide the diameter by 4 to find the 

hydraulic mean depth. 

OPEN DRAINS AND PIPES. 

Diameters of pipes 6 inches to 13 inches. FaUs per mUs 1 inch 

to 12 feet. 



Falls porinUe In feet and 

inohos, and the 

fajdranlio inclinaftloiiB. 


" relooities talnohes per second. 


Falls. 


TffomT^atiffnSi 
one tai 


l^Inoh. 


If to. to- 

ierpoUted. 


2 inches. 


Scinches. 


Sinehes. 


W. I. 

1 


63860 


1-07 


116 


1-24 


1-40 


1-55 


2 


31680 


1-66 


1-80 


1-94 


210 


2-41 


8 


21120 


212 


2-30 


2-46 


2-80 


a-08 


4 


15840 


2-52 


278 


2-94 


834 


8-65 


6 


12672 


2-86 


811 


3-36 


8-77 


416 


6 


10560 


3*18 


8-45 


8-72 


4-19 


4-62 


7 


9051 


3-47 


3-77 


406 


4-58 


6-04 


8 


7920 


8-75 


4-06 


4-38 


4-94 


5-44 


9 


7040 


401 


4-34 


4-68 


528 


6-81 


10 


6386 


4-25 


4-61 


4-97 


5-60 


617 


11 


5760 


4-49 


4-86 


5-24 


5-91 


6-51 


1 


5-280 


471 


511 


551 


6-21 


6-84 


1 3 


4224 


5-34 


5-79 


6-24 


7-03 


775 


1 6 


3520 


6-91 


6-41 


6-91 


7-79 


8-58 


1 9 


3017 


6-44 


6-99 


7-58 


8-49 


9-85 


2 


2640 


6-94 


7-58 


8-11 


9-14 


1007 


2 8 


Interpolated. 


7-40 


808 


866 


9-74 


10-74 


2 6 


2112 


7-86 


8-52 


9-18 


10-35 


11-40 


2 9 


Interpolated. 


8-28 


8-98 


9-67 


10-90 


12-01 


8 


1760 


8-70 


9-48 


1016 


11-45 


12-62 


8 8 


Interpolated. 


9-09 


9-86 


10-62 


11-97 


18*19 


8 6 


1508 


9-48 


10-28 


11-08 


12-48 


13-76 


8 9 


Interpolated, 


9-84 


10-67 


11-50 


12-96 


14-29 


4 


1320 


10-21 


iro7 


11-98 


18-44 


14-81 


4 6 


Interpolated. 


10-89 


11-80 


12-72 


14-34 


15-80 


5 


1056 


11-56 


12-54 


13-61 


16-28 


1678 


6 6 


Interpolated. 


1218 


13-21 


14-24 


16 04 


17-68 


6 


880 


1280 


13-88 


14-96 


16-86 


18*58 


6 6 


Interpolated. 


13-38 


14-51 


16-64 


17-62 


1942 


7 


754 


13-96 


15-14 


16-32 


18-39 


20-26 


7 6 


Interpolated. 


14-51 


15-73 


16-96 


19-10 


2105 


8 


660 


15-06 


16-32 


17-58 


19«82 


21-84 


8 6 


Interpolated. 


15-66 


16-87 


1818 


20-49 


22-58 


9 


587 


16-07 


17'4B 


18-78 


21-17 


28-82 


9 6 


Interpolated. 


16-57 


17-97 


1936 


21-82 


24-04 


10 


528 


1706 


18-50 


1994 


22-47 


24-76 


10 6 


Interpolated. 


17-54 


1901 


20-49 


2809 


25-45 


11 


480 


1801 


1953 


2104 


23-72 


26-18 


11 6 


Interpolated. 


18-47 


2002 


21-57 


24-32 


26*79 


12 


440 


18-92 


20-51 


2-211 


24-91 


27-46 



vv2 
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TABLE Vin.^For finding the Mean Velocities of Water flowing in 

Pipes, Drains, Streams, and Rivers. 

For a full cylindrical pipe, divide the diameter by 4 to find the 

hydraulic mean depth. 

Diameters oj pipes 6 inches to 14 inches. Falls per mile 13 feet 

to 6fiSQfeet 



Pdla p«r mlla iB f««t, and the 


''Hydraaliomean 


denthB." or 


"mem radii 


,**and 


bydnmlio inoUiuitlonfl. 




Teloeities in inchea per aecond. 




PaUa. 


Inolliuitiona, 
one In 


l^lneli. 


2iiioliea. 




3liicliee. 


a^lnehea 


18-2 


400 


19-97 


23-34 


26-30 


28-98 


31-44 


18-6 




20-34 


23-77 


26-79 


29-62 


32-03 


141 


376 


20-72 


24-21 


27-28 


80-06 


32-62 


14-6 




21-13 


24-69 


27-83 


80-67 


83-27 


161 


360 


21-66 


2618 


28-88 


31-27 


33-93 


16-6 




2201 


26-72 


28-99 


31-94 


34-66 


16-2 


826 


22*48 


26-27 


29-60 


32-62 


36-89 


17-6 


300 


23-63 


27-60 


30-99 


3415 


87-06 


19-2 


276 


24-74 


28-90 


3267 


36-89 


88-94 


2M 


260 


26*13 


30-63 


34-41 


37-91 


41-14 


28-6 


226 


27-76 


32-44 


36-66 


40-28 


43-71 


26-4 


200 


29-72 


34-72 


89-18 


43-12 


46-79 


80-2 


176 


3211 


37-62 


42-28 


46-69 


60 65 


86-2 


160 


3613 


41-04 


46-26 


60 97 


66-30 


37-7 


140 


36-67 


42-73 


4816 


63-07 


67-68 


42-2 


126 


39-08 


46-66 


61-46 


66-71 


61-63 


48- 


110 


42-13 


49-23 


66-48 


61-13 


66 33 


62-8 


100 


44-67 


6207 


68-69 


64-67 


7017 


68-7 


90 


47-43 


66-42 


62-46 


68-83 


74-68 


66- 


80 


60-87 


69*44 


66-99 


73-81 


80-09 


75-4 


70 


66-08 


64-36 


72-60 


79-92 


86-72 


88- 


60 


60-39 


70-67 


79-63 


87-63 


95-09 


106-6 


60 


67-38 


78-73 


88-73 


97-77 


10608 


117 8 


46 


71-79 


83-88 


94-64 


104-17 


11303 


182- 


40 


77-07 


90-06 


101-60 


118-84 


121-36 


160-8 


36 


83-66 


97-63 


11003 


121-24 


131-66 


176- 


30 


91-72 


107-18 


120-79 


18310 


144-41 


211-2 


26 


102-44 


119 70 


134-90 


148-66 


161*29 


264- 


20 


117-28 


137-03 


164-44 


17018 


184-66 


362* 


16 


189-66 


163-06 


18378 


202-60 


219-72 


628- 


10 


177-96 


207 92 


234-33 


268-21 


280-16 


686-7 


9 


189-43 


221-34 


249-46 


274-87 


298-24 


660- 


8 


20307 


237-28 


267-42 


294-67 


819-72 


764-3 


7 


'^19-61 


266-61 


289-20 


318-67 


345-77 


880- 


6 


240-22 


281-36 


316-33 


348-67 


378-20 


1066- 


6 


266-81 


311-76 


361-36 


38715 


420-07 


1320- 


4 


302-92 


363-96 


398-91 


439 66 


47693 


1760* 


3 


366-00 


416-96 


468-80 


616-57 


660-49 


2640- 


2 


446 93 


62104 


687-22 


647-06 


70208 


6280- 


1 


660-84 


772-16 


87023 


968-91 


1040*44 
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TABLE YIIL—For finding the Mean Velocities of Water flawing 

in PipeSf Drains, Streams, and Rivers, 

For a full cylindrical pipe, divide the diameter by 4 to find the 

hyiLraulic mean depth. 

Diameters of pipes 14 inches to 33 inches. FaUs per mUe 1 inch 

to 13 feet. 



FalU p«r mlla in f eet ittd 
uiohML and the 


<«H7dzmlle mean depths," 
and relodties in biohes 


or** mean radii," 
perseoond. 


Falls. 


one In 


8|lnohes. 


4iiidh«s. 




5iiiohei. 


djinohe.. 


7. I. 

1 


68860 


1-68 


1-80 


1-91 


2*02 


218 


2 


81680 


2-61 


2-81 


2-98 


3*16 


8-32 


8 


21120 


8*34 


8-69 


3-82 


4*08 


4-24 


4 


15840 


3-96 


4-26 


4*62 


4-78 


6-02 


6 


12672 


4-51 


4-84 


6-15 


6*44 


6-72 


6 


10660 


6*01 


6-87 


5-72 


604 


6-36 


7 


9061 


6-47 


6-87 


6-24 


6-60 


6-94 


8 


7920 


6-90 


6-88 


6-74 


7-12 


7-48 





7040 


631 


6-77 


7-20 


7-61 


8-00 


10 


6386 


6-70 


7-18 


7-64 


8*08 


8-49 


11 


6760 


7-06 


7-68 


8-06 


8-52 


8-96 


1 


6280 


7-42 


706 


8-47 


8 96 


9-41 


1 3 


4224 


8-41 


902 


9-60 


1014 


10-66 


1 6 


8620 


9-31 


9*99 


10-63. 


11*23 


11-80 


1 9 


8017 


10-16 


10-89 


11-58 


12-24 


12*86 


3 


2640 


1093 


11-73 


12-47 


1318 


13-86 


2 8 


Interpolated. 


11*65 


12-60 


13-30 


14 05 


1477 


2 6 


2112 


12-37 


13-28 


14-12 


14-98 


16-69 


2 9 


Interpolated. 


13-03 


13-68 


14-88 


1672 


16-68 


8 


1760 


13-69 


14-69 


15-63 


16-52 


17-36 


8 8 


Interpolated. 


14-31 


16-36 


16-38 


17-26 


18-14 


8 6 


1608 


14-92 


16-01 


17-03 


18-00 


18-92 


8 9 


Interpolated. 


15-60 


16-63 


17-69 


18-70 


19-65 


4 


1320 


16-07 


17-25 


18-86 


1939 


20-38 


4 6 


Interpolated. 


17-14 


18-39 


19-56 


20-68 


21-73 


6 


1056 


18-21 


19*53 


30-78 


2196 


23-08 


6 6 


Interpolated. 


19-18 


20-68 


21-90 


2314 


24*32 


6 


880 


20-16 


21-63 


23*01 


24-32 


25-56 


6 6 


Interpolated. 


21-07 


22-61 


24-06 


25-42 


26-72 


7 


764 


21-98 


23-69 


25-09 


26-62 


27-87 


7 6 


Interpolated. 


22-84 


24-60 


2607 


27-65 


28-96 


8 


660 


23-69 


25-42 


27-04 


28-58 


80-04 


8 6 


Interpolated. 


24-60 


26-29 


27*97 


29-55 


31-06 


9 


687 


25-31 


27-54 


28-89 


30-68 


32-09 


9 6 


Interpolated. 


26-09 


27-99 


29-78 


31-47 


38 08 


10 


628 


26-87 


28-83 


30-67 


82-41 


34-06 


10 6 


Interpolated. 


27-61 


29-62 


31-52 


8331 


35-01 


11 


480 


28-35 


30-42 


32-37 


34-20 


35-95 


11 6 


Interpolated. 


29-07 


31-19 


33-18 


8507 


36*86 


12 


440 


29-79 


31-96 


34-00 


85-93 


37'77 



Digitized by VjOOQ iC 



438 



THE DISCHARGE OF WATER FROM 



TABLE VIII.—For finding the Mean Velocities of Water flowing 
in Pipes, Drains, Streams, and Bivers. 

For a full cylindrical pipe, divide the diameter b j 4 to find the 
hydraolic mean depth. 

Diameters of pipes 16 inches to 2 feet. Falls per mile 18 feet to 

5f^S0 feet. 



Falla per mile in feet 

tndthe 
hydnmlic inclinations. 


and veloeitieB in Inches 


>r ** mean tadU," 
per second. 


FOm. 


IncUnatlonB. 
one in. 


^ittdiea. 


4^ inches. 


6 inches. 


5| inches. 


Ginehes. 
41*72 


f. 
18-2 


400 


33'74 


36*89 


37-93 


8987 


18-6 


Interpolated. 


84-37 


36-56 


38-64 


40*61 


42-60 


141 


376 


3600 


37 23 


39-36 


41-36 


43-28 


14-6 


Interpolated. 


36-70 


37-98 


40-14 


42-19 


4416 


161 


360 


36-40 


38-73 


40-92 


4302 


45-01 


15-6 


Interpolated. 


3719 


39-66 


41*81 


43-94 


46-99 


16-2 


326 


37-97 


40-40 


42-69 


44-87 


46-96 


17-6 


300 


39-76 


4229 


44-69 


46-97 


49-16 


19-2 


276 


41-78 


44-46 


46-97 


49-38 


51*67 


211 


260 


44 14 


46-96 


49-62 


62-16 


64-68 


23-6 


226 


46-90 


49-90 


62-72 


65-42 


6800 


26-4 


200 


60-20 


63-41 


56-44 


59-32 


62*08 


80-2 


176 


64-24 


67-71 


60-98 


64-10 


6707 


862 


160 


69-34 


6313 


66-71 


70 12 


73*37 


87-7 


140 


61-78 


66-72 


69-45 


7300 


76*39 


42-2 


126 


66-02 


70-28 


74-22 


78*01 


81*64 


48- 


110 


71-17 


76-72 


8001 


8410 


88 00 


62-8 


100 


76-29 


80-09 


84-64 


8a-97 


93*10 


68-7 


»0 


80 13 


85-25 


90-08 


94-69 


9909 


ee- 


80 


85-93 


91-42 


96-61 


101-54 


106*26 


76-4 


70 


93-04 


98-98 


104*60 


109-95 


116-05 


88- 


60 


102-02 


108-64 


114-70 


120 56 


12616 


106-6 


60 


113-82 


121-09 


1-27-96 


134 50 


140-74 


117-8 


46 


121-27 


1-2901 


136-34 


143-30 


149 96 


182- 


40 


130-20 


138-61 


146*38 


168-86 


161*00 


160-8 


83 


14114 


15016 


1&8-68 


166-79 


174 63 


176- 


80 


164-96 


164*84 


174-20 


18310 


191-61 


211-2 


25 


173-06 


184-10 


194-56 


204-60 


214*00 


264- 


20 


198-12 


210-77 


222-73 


234-11 


244 98 


862- 


15 


236-76 


260-80 


26504 


278-58 


291-62 


628- 


10 


300-60 


319-80 


337-95 


355 22 


371-71 


686-7 


9 


320-00 


34048 


359-76 


37814 


395-70 


660- 


8 


34304 


359 65 


385-67 


406 37 


424-20 


764-8 


7 


370-99 


394-68 


4I7-O8 


438-39 


468-76 


880- 


6 


405-79 


431-70 


466'21 


47962 


601-79 


1066- 


6 


460-71 


479-49 


606-71 


632-60 


667-84 


1820- 


4 


511-72 


644 39 


576-30 


604-69 


632 78 


1760- 


3 


601-38 


639-78 


676-10 


710 64 


743-66 


2640- 


2 


753-29 


80139 


846 89 


890-16 


93160 


6280- 


1 


1116-36 


1187-62 


126504 


1319-17 


1380 44 
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TABLE VIIL — For finding the Mean Velocities of Water flowing 
in PipeSf Drains, Streams, and Rivers, 

The hydraulic mean depth is found for all channels, by dividing 
the wetted perimeter into the area. 

EydrauUe mean depths 6 inchss to 10 inches. Falls p$r mile 1 inch 

to 12 feet. 



FaUipermUelailwtMul 

Inches, and the 

hydrftolic inclinationi. 


•• Hydranllc meen depUu," or " meu Mdli," 
and relociaet in inchee per teoond. 


Filli. 


IneUnatUxBf, 
one in 


6 inches. 


7 inches. 


8 inches. 


OinohAB. 


lOmohei. 


r. I. 
1 


63860 


2-28 


2-41 


2-68 


2-75 


2-90 


2 


31680 


3-47 


3-76 


4-03 


4-28 


4-62 


8 


21120 


4-43 


4-80 


616 


5-47 


6-78 


4 


15840 


5-26 


5-69 


610 


6-49 


6-85 


5 


12672 


5-98 


6-48 


6-96 


7-39 


7-80 


6 


10560 


6 66 


7-20 


772 


8-20 


8-66 


7 


9051 


7-26 


7-86 


8-48 


8-96 


9-46 


8 


7920 


7-83 


8-48 


909 


9-67 


10-21 





7040 


8 87 


9-07 


9-72 


10-38 


10-91 


10 


6836 


8-88 


9-63 


10-32 


10-97 


11-58 


11 


5760 


9-87 


10-16 


10-89 


11-57 


12-22 


1 


5280 


9-84 


1067 


11-43 


12-16 


12-83 


1 3 


4224 


1116 


1209 


12'95 


13-77 


14-54 


1 6 


3520 


12-36 


13-38 


14-34 


15-26 


1610 


1 9 


3017 


13-46 


14-58 


16-63 


16-61 


17-64 


2 


2640 


14-60 


15-71 


16*84 


17-90 


18-90 


2 3 


Interpolated. 


15-45 


16-75 


18-24 


1908 


20-15 


2 6 


2112 


16-42 


17-79 


19-64 


20-26 


21-40 


2 9 


Interpolated. 


17-29 


18-74 


20-37 


2184 


22-64 


3 


1760 


18-17 


1969 


21-10 


22-42 


23-(i8 


3 3 


Interpolated. 


18-99 


2067 


2205 


28-48 


24-76 


3 6 


. 1508 


19-80 


21-46 


2300 


24-44 


26 81 


8 9 


Interpolated. 


20-56 


22-28 


23-88 


25*38 


26-80 


4 


1320 


21-33 


23 11 


24-77 


26-32 


27-80 


4 6 


Interpolated. 


22-74 


24 64 


26-41 


28-07 


29-64 


6 


1056 


24-16 


26-17 


28-06 


29 81 


31-48 


5 6 


Interpolated. 


25-46 


27-58 


29-56 


81-42 


88-17 


6 


880 


26-75 


28-98 


3106 


3302 


34-86 


6 6 


Interpolated. 


27-96 


30-29 


32-47 


84-51 


36-44 


7 


754 


2917 


81-60 


33 87 


86-00 


38 02 


7 6 


Interpolated. 


30 30 


82-88 


8619 


37-40 


89-60 


8 


660 


31-48 


84-06 


86 60 


38-80 


40-97 


8 6 


Interpolated. 


32-61 


35-22 


87-75 


40 12 


42-37 


9 


587 


83 68 


36 39 


38*99 


41-45 


43-77 


9 6 


Interpolated. 


34-61 


87 60 


40-20 


4272 


45-11 


10 


528 


35-66 


38-63 


41-40 


44 00 


46-46 


10 6 


Interpolated. 


36-63 


39-69 


42-64 


45-22 


47-76 


11 


480 


37-6-i 


40-76 


43-69 


46 44 


49-08 


11 6 


Interpolated. 


3S57 


41-79 


44-79 


47-61 


50-27 


12 


440 


39*52 


4282 


46-90 


48-78 


51*61 
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TABLE VIIL--For finding the Mean VelodtUs of Water flowing 
in Pipes, Drains, Streams, and Bivers. 

The hydraulic mean depth is found for all channels by diyiding 

the wetted perimeter into the area. 
HydratfUc mean depths 11 inches to 21 inch^. Fails per nUle 1 inch 

to l^feet. 



Fans per mUe in feet and 
mches, and the 




depths," or* 


* mean r»dii," and 1 


▼elooities in inches per second. 




Palla. 


one in 


11 Inches. 


12 inches. 


15 inches. 


18 inches. 


21lnche.. 


r. I. 
1 


63360 


305 


3-19 


3-57 


3-92 


425 


2 


31680 


4-76 


4-97 


6-67 


6-12 


6-62 


8 


21120 


607 


6-85 


712 


7-82 


8-46 


4 


15840 


719 


7-58 


8-44 


9-27 


10-03 


5 


12672 


8-19 


8-57 


9-61 


10-55 


11-42 


6 


10660 


9 10 


9-52 


10-67 


11-72 


12-68 


7 


9051 


9-94 


10-39 


11-66 


12-80 


18-86 


8 


7920 


10-72 


11-21 


12-67 


13-81 


14 94 


9 


7041 


11*46 


11-99 


13-44 


14-76 


15-97 


10 


6336 


1216 


12-72 


14-27 


15-66 


16-95 


11 


5760 


12-83 


18-42 


15-05 


16-53 


17-88 


1 


6280 


13-48 


1409 


15-81 


17-36 


18-78 


1 3 


4224 


15-27 


15-97 


17-91 


19-67 


21-28 


1 6 


3620 


1691 


17-68 


19-88 


21-78 


28-66 


1 9 


3017 


18-28 


19-27 


21-62 


23-78 


25-68 


2 


2640 


19*85 


20-76 


23-28 


25-63 


27-66 


2 8 


Interpolated. 


21-16 


22-13 


24*82 


27-29 


29 49 


2 6 


2112 


22 48 


23-61 


26-36 


28-96 


31-82 


2 9 


Interpolated. 


23-68 


24-76 


27-77 


30-49 


32 99 


8 


1760 


24-88 


26-02 


2918 


82-04 


34-67 


3 8 


Interpolated. 


25-99 


27-18 


30-47 


33-48 


36-22 


8 6 


1508 


2711 


28-35 


31-77 


34-92 


37-78 


8 9 


Interpolated. 


2815 


29-46 


3301 


36-26 


89-28 


4 


1320 


29-20 


30-64 


84-26 


37-60 


40-69 


4 6 


Interpolated. 


8113 


32-56 


36-52 


40-10 


48-89 


6 


1056 


3307 


34-69 


88-79 


42-69 


46-09 


6 6 


Interpolated. 


34-85 


36-44 


40-87 


44-88 


48-56 


6 


880 


36-62 


38-80 


42*95 


47-16 


51-08 


6 6 


Interpolated. 


38-28 


40-03 


44*90 


49-30 


53 34 


7 


754 


89-93 


41-76 


46*84 


51-43 


56-66 


7 6 


Interpolated. 


41-48 


43-39 


48*66 


53-48 


57-81 


8 


660 


43-04 


46-01 


60*48 


55-42 


59-97 


8 6 


Interpolated. 


44-50 


46-54 


62*20 


57-82 


62-02 


9 


587 


46-97 


48-08 


58 92 


69-21 


64-06 


9 6 


Interpolated. 


4739 


49-56 


55*58 


61-08 


66-04 


10 


528 


48-80 


51-04 


57-24 


62-85 


68-01 


10 6 


Interpolated. 


5015 


52-46 


58-88 


64-59 


69-89 


11 


480 


61-61 


68-87 


60-41 


66-38 


71-78 


11 6 


Interpolated. 


5281 


55-28 


61-94 


6tt-01 


73-59 


12 


440 


54-11 


56-69 


68-47 


69-68 


75-40 



Digitized by VjOOQ iC 



OEEEIGES, WEIBS, PIPES, AND BIVEBS. 



441 



TABLE VIIL'-'For finding the Mean VeHocitm of Water flowing 
in Pipes, Drains, Streams, and Rivers. 

The hydraulic mean depth is found for all channels by dividing 
the wetted perimeter into the area. 

HydrauUe mean depths d4 inches to 4:feeL FdUs per mile 1 inch 

to 12 feet. 



lUlipermUelnflBetuid 


** HTdrauUc mean depihf," or •* xnMn ndil." | 


hjdAolio incUnmtioni, 




•ndrelodtiMininohM 


perieoond. 




FUli. 


one in 


24iii6het. 


80 inobM. 


36inolMt. 


42 lBeh«f. 


48lndh6t. 


F. 1. 

1 


68860 


4-64 


6-09 


6-69 


6-04 


6-47 


2 


81680 


709 


7-94 


8-71 


9-42 


10-08 


8 


21120 


906 


10-16 


11-14 


' 12-04 


12-89 


4 


16840 


10-78 


1208 


13-20 


14-27 


16-27 


5 


12672 


12-22 


18-69 


16-08 


16-26 


17-89 


6 


10660 


18-67 


16-21 


16-69 


18-06 


19-81 


7 


9061 


14-88 


16-61 


18 28 


19-71 


21-09 


8 


79-20 


16-99 


17-02 


19-66 


21-27 


22-76 


9 


7041 


1710 


1916 


21-02 


22-78 


24-33 


10 


6886 


1816 


20-38 


2-2-31 


2418 


26-82 


11 


6760 


19-16 


21-46 


28*54 


26-46 


27-24 


1 


6280 


20-11 


22-58 


24-72 


26 78 


28-61 


1 8 


4224 


22-78 


25 68 


28*01 


8029 


32-42 


1 6 


8620 


25-28 


28-27 


3102 


38-64 


85-90 


1 9 


8017 


27-49 


3081 


83 80 


36-66 


3912 


2 


2640 


29-62 


3818 


36-41 


89 88 


42-14 


2 8 


Interpolated. 


81-67 


35-38 


38-82 


41-98 


44-92 


2 6 


2112 


38-68 


37-57 


41-22 


44-68 


47-71 


2 9 


Interpolated. 


35 82 


39-58 


43-43 


4Q-96 


50-26 


8 


1760 


8711 


41-68' 


45-63 


4934 


5281 


8 3 


Interpolated. 


38-78 


43-46 


47-68 


6166 


56-18 


8 6 


1608 


40-45 


45-32 


49-78 


68-78 


67-66 


8 9 


Interpolated. 


42-00 


47-07 


61-64 


66 86 


69-77 


4 


1320 


48 66 


48-81 


53-56 


67-92 


61-98 


4 6 


Interpolated. 


46-46 


6206 


57-11 


6176 


6609 


6 


1056 


49 34 


66 28 


60-66 


65-60 


70-20 


5 6 


Interpolated. 


61-99 


68-26 


63-91 


6912 


73-97 





880 


64-68 


61-22 


6717 


7-2-64 


7774* 


6 6 


Interpolated. 


6711 


63 99 


70-21 


76-93» 


81-25 


7 


764 


69-68 


6676 


7326 


79 21 


84-77 


7 6 


Interpolated. 


61 •»9 


69-35 


76-09* 


87-29 


88-06 


8 


660 


64-21 


71-94 


78-94 


85-37 


91-85 


8 6 


Interpolated. 


66-40 


74-40 


81-68 


88-26 


94-47 


9 


687 


68-69 


76-86* 


84-32 


9119 


97-69 


9 6 


Interpolated. 


70-60 


79-22 


86-92 


9400 


100-69 


10 


528 


7-2-81 


81-68 


89-52 


96-81 


103-60 


10 6 


Interpolated. 


74-83 


83-84 


91-99 


99-49 


106-47 


11 


480 


76-84* 


86-10 


94-47 


10-2-17 


109*38 


11 6 


Interpolated. 


78-78 


88-28 


96-86 


104-76 


112 10 


12 


440 


80-72 


90-46 


99-26 


107-38 


114-86 
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THE DISCHABGE OP WATER FROM 



TABLE VIIL—For finding the Mean Velocities of Water flatting 

in Pipes, Drains, Streams, and Rivers. 

The hydraulic mean depth is found for all channels by dividiaig 

the wetted perimeter into the area. 

Hydravlie mean depths ifeet 6 inches to ^ feet. Falls per mile 1 inch 

to Ufeet. 



IkUi ptt mlto in ftet and 


•«H7dxMllciDei 


IB deptha,* ( 


>r*<meanndU.** 1 






aadT«Iodtl«iniaohca 


perMoond. 




FaUa. 


one la 


54iBChca. 


60 iaehai. 


66 incbea. 


72 indica. 


84inchea. 


F. I. 

1 


63860 


6-86 


7-24 


7-60 


7-94 


8-58 


2 


81680 


10-70 


11-29 


11-86 


12-88 


18-89 


8 


21120 


13-68 


14-62 


1614 


16-83 


17-11 


4 


16840 


16-21 


1710 


17-96 


18-76 


20-28 


6 


12672 


1846 


19-47 


20-48 


21-86 


2818 


6 


10660 


20 60 


21-68 


22-70 


28-72 


25-64 


7 


9061 


22-39 


28-62 


24-79 


•26-90 


2800 


8 


7920 


24-16 


26-48 


26-74 


27-95 


30-21 


9 


7041 


26-88 


27 24 


28-59 


29-88 


3-2-30 


10 


6336 


27-41 


28-91 


30-84 


31-71 


34-28 


11 


6760 


28-92 


30-61 


32-01 


38 46 


36-17 


1 


6280 


30-37 


82-03 


83-62 


35 13 


37-98 


1 8 


4224 


34-41 


86-80 


3«-i0 


39-81 


48-04 


1 6 


8620 


3810 


4019 


42-18 


44-08 


47-66 


1 


8017 


416-2 


43-80 


46-97 


48-04 


51-93 


2 


2640 


44-73 


47-18 


49-62 


51-76 


55-94 


3 8 


Interpolated. 


47-69 


60-30 


62-79 


6517 


69 64 


2 6 


2112 


60-66 


63-42 


6607 


68-59 


68-34 


2 9 


Interpolated. 


58-36 


56-28 


69-06 


61-72 


66-72 


8 


1760 


56-06 


69-18 


6206 


64-86 


7010 


8 3 


Interpolated. 


68-67 


61-79 


64-84 


67-76 


78-25 


8 6 


1508 


6109 


64-44 


67-63 


70 67 


76-40* 


8 9 


Interpolated. 


63-44 


66 92 


70-;>8 


73-39 


79-35 


4 


1320 


66 80 


69-41 


72-84 


761 !♦ 


82 29 


4 6 


Interpolated. 


70-10 


74 01 


77-67* 


81-16 


87-74 


6 


1066 


74-62 


78-61* 


82-50 


86*21 


98-20 


5 6 


Interpolated. 


78-62* 


82-83 


86-92 


90-84 


98-20 


6 


880 


8262 


87 06 


91-35 


96-46 


108-20 


6 6 


Interpolated. 


86-26 


90-98 


95-68 


99-78 


107-87 


7 


764 


89-99 


94 92 


99-62 


104-10 


112 64 


7 6 


Interpolated. 


93-48 


98-61 


103-48 


108-14 


116-91 


8 


660 


96-98 


102-30 


107-35 


11219 


121-28 


8 6 


Interpolated. 


100-29 


106-79 


11102 


11601 


126-42 


9 


587 ' 


103-69 


109-27 


114-68 


119-84 


129-56 


9 6 


Interpolated. 


106 78 


112-64 


118-21 


123-63 


133-65 


10 


628 


109-97 


11601 


121-74 


127-22 


137-64 


10 6 


Interpolated. 


113-02 


119-22 


12611 


130-74 


141-34 


11 


4h() 


116-06 


12-2-43 


128-48 


134-27 


14615 


11 6 


Interpolated. 


11900 


125-62 


131-73 


137-66 


148-82 


12 


440 


121-93 


128-61 


134-97 


141-06 


152-49 
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TABLE VIII, — For finding the Mean Velocities of Water flotoing in 
Pipes, Drains, Streams, and Rivers. 

The hydraulic mean depth is found for all channels bj dividing 
the wetted perimeter into the area. 

Hydraulic mean depths 8 feet to 12 feet. FaJIs per mile 1 inch to 

Ififeet. 



lUlBDermUeinfeotaod 
uichM, and the 


** Hjdmolic mean 


deptha," or 


* mean radU 


."a&d 


bjdnuHo indliuitlonj. 




velodties In inchea per lecoDd. 




FlRUfc 


Inclinatlonf, - 


96inc]iet. 


108 


120 


132 


144 






one {& 




inches. 


inches. 


inches. 


inches. 


F. 




1. 
1 


63360 


9-18 


9-76 


10-28 


10-79 


11-27 





2 


31680 


14-32 


16-20 


1603 


1682 


17-57 





3 


21120 


18-30 


19-43 


20-49 


21-60 


22-46 





4 


16840 


2169 


23-02 


24-28 


26-47 


26-62 





6 


12672 


24-70 


26-21 


27-64 


2900 


30-31 





6 


10560 


27-43 


29-11 


30-70 


32-21 


38-66 





7 


9051 


29-96 


31-80 


33-63 


36-18 


36-76 





8 


7920 


32-32 


34-30 


36-18 


37-96 


39-66 





9 


7041 


34-55 


86-67 


38-67 


40-68 


42-40 


10 


6336 


36-67 


38-92 


4104 


43-07 


45-00 


11 


5760 


38-69 


4106 


43-31 


46-44 


47-48 


1 





5280 


40-63 


4312 


46-48 


4772 


4986 


1 


8 


4224 


46-04 


48-87 


61-54 


64-07 


66-60 


1 


6 


3520 


50-98 


64-11 


6706 


69-87 


62-56 


1 


9 


3017 


55-60 


58-96 


6218 


65-25 


68-17 


2 





2640 


59-85 


63-52 


66-98 


70-28 


73 44* 


2 


3 


Interpolated. 


63-80 


67-72 


71-41 


74-93* 


78-29 


2 


6 


2112 


67-76 


7191 


76-84* 


79-58 


83-16 


2 


9 


Interpolated. 


71-38 


75-75* 


79-89 


83-88 


87-59 


3 





1760 


7600* 


79 59 


83-94 


88-08 


92-03 


8 


3 


Interpolated. 


78 37 


83-17 


87-71 


9203 


96-16 


3 


6 


1508 


81-74 


86-75 


91-48 


95-99 


100-30 


3 


9 


Interpolated. 


84-88 


90-09 


9501 


99 69 


104-16 


4 





1320 


88-03 


93 43 


98-53 


103-88 


10802 


4 


6 


Interpolated. 


93-87 


99-62 


105-06 


110 24 


11618 


6 





1056 


99-70 


105-82 


111-59 


11709 


122-34 


5 


6 


Interpolated. 


10506 


111-49 


117-58 


123-38 


128-91 








880 


110-41 


11717 


1-23-57 


129-66 


135 48 


6 


6 


Interpolated. 


115-40 


122-47 


129 16 


135-53 


141-61 


7 


. 


754 


120-40 


127-76 


134-75 


141-89 


147-73 


7 


6 


Interpolated. 


125-07 


13-2-74 


139-99 


146 88 


153-47 


8 





660 


129-75 


137-70 


145-22 


152-38 


16921 


8 


6 


Interpolated. 


13418 


142-40 


150-18 


157-57 


164-64 


9 





687 


138-CO 


147-10 


15513 


162-77 


170-07 


9 


6 


Interpolated. 


14287 


151-63 


159-91 


167-78 


175-31 


10 





528 


147-14 


166-16 


164-68 


172-80 


180-55 


10 


6 


Interpolated. 


151-21 


100-48 


169-24 


177-68 


185 66 


11 





480 


155-29 


164-80 


173-80 


182-36 


190-54 


11 


6 


Interpolated. 


15921 


168-97 


17819 


18697 


195-38 


12 





440 


163-13 


173-13 


182-69 


191-68 


200-17 
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THE DISCfiABGE OF WATER FROM 



TABLE IX, — For finding the Discharge in Cubic Feet per MimUs, 
when the Diameter of a Pipe, or Orifice^ and the VeHocity of 
Discharge are known ; and vice versd. 





Dltoharge in oaUo Itot per minute, tot diflteent Telodtiei. | 


u 












Velocity of 


Velodtrof 
aoOincbet 


Velodtarof 
SOOinchei 


Velodtjrof 
400 inclies 


Velocity of 


fi®^ 


100 inches 


SOOinchei 




periecond. 


perMoond. 


perieoond. 


perieoond. 


peneoond. 


i 


•170442 


•8409 


•5118 


•6818 


•8522 


1 


•68177 


1-3636 


2-0468 


2-7271 


8-4089 


f 


1-63398 


8-0679 


4*6019 


6-1359 


7-6699 


1 


2-727077 


6-4641 


8-1812 


10-9088 


13-6854 


u 


4-26106 


8-6221 


12-7882 


170442 


21-8063 


n 


6-13693 


12-2718 


18-4080 


24-6487 


80-6797 


i| 


8-86167 


16-7083 


26-0560 


33-4067 


41-7584 


2 


10-90831 


21-1817 


82-7249 


43-6332 


54-5415 


2i 


13-80&88 


27-6117 


41-4175 


55-2233 


690291 


^ 


1704423 


84-0885 


61-18-27 


68-1769 


85-2212 


2} 


2062362 


412470 


61-8706 


82-4941 


1081176 


d 


24-64369 


49-0874 


73-6811 


98-1748 


121-7186 


H 


28-80476 


67-6096 


864148 


116-2190 


144-0288 


H 


33-40669 


66-8134 


100-2201 


183*6268 


167-0836 


Si 


88*34962 


76-6990 


1160486 


168 3981 


191-7476 


4 


43-633-28 


87"2665 


130-8997 


174-6329 


218-1662 


H 


49-26783 


98-6167 


147 7786 


197*0818 


246 2892 


4J 


66 22331 


110-4466 


166-6699 


220 8932 


276-1166 


4i 


61-62968 


1-23.0694 


184-6890 


2461187 


307-6484 


6 


68-17692 


186-3539 


204-5308 


272 7077 


840-8846 


51 


7616606 


150-3301 


226-4952 


800 6608 


375'8268 


5} 


82-49408 


164-9882 


247-4822 


829-9763 


412-4704 


5i 


90-16399 


180-3280 


270-4920 


360-6560 


450-8200 


6 


98-17478 


196-3496 


294-6248 


892-6991 


490-8789 


6i 


106-6-2646 


2130529 


319-6794 


426-1058 


582-6328 


6& 


116-2190 


230*4380 


845-6570 


460-8760 


576-0950 


6i 


124-26246 


248-5049 


3727674 


497-0098 


621-2623 


7 


133-6268 


267-2636 


400-8804 


634-6072 


668-1340 


7i 


143-84199 


286-6840 


430-0260 


673 8680 


716-7100 


74 


163*39809 


306-7962 


460-1943 


613-5924 


766-9905 


7} 


163-79607 


827-5901 


491-3852 


656-1808 


818-9753 


8 


174-63298 


3490659 


628-5988 


698-1317 


872-6647 


H 


19703132 


394-0626 


591-0940 


788-1253 


985-1566 





220 89326 


441-7866 


6026798 


888'5730 


1104-4663 


9} 


246-11871 


402-2374 


738-3661 


984-4748 


1230-5936 


10 


272-70771 


645-4164 


818-1231 


1090 8808 


1383-6886 


m 


300-66025 


601-3205 


901-9808 


1202-6410 


1508-3018 


11 


329-97633 


659 9527 


989-9290 


18199068 


1649-8817 


Hi 


360-66696 


721-8119 


1081-9679 


1442-6288 


1808-2798 


12 


892-6991 


786-8982 


1178 0978 


1670-7964 


1968-4956 
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TABLE IX — For finding the Discharge in Cvhic Feet, per Minvte, 
when the Diameter of a Pipe, or Orifice, and the Velocity of dis- 
charge are known j and vice versa* 



Dlf obarge in cnbio ftet per minnta, tot dUterent relodtlea. 














III 












Velocity of 


Velocity of 


Velocity of 


Velocity of 
000 inches 


Velocity of 


It! 


800 inches 


700 Inches 


800 inches 


1000 Inches 


a's 


per lecond. 


per lecond. 


per second. 


per second. 


per second. 




10227 


1-1931 


1-3635 


1-5340 


1-7044 


i 


40906 


4-7724 


5-4542 


6-1359 


6*8177 


i 


0-2089 


10-7379 


12-2718 


13-8058 


15*8398 


f 


163625 


19*0895 


21-8166 


24-5437 


27*2708 


1 


26-5664 


29-8274 


84*0885 


38-3495 


42*6106 


H 


86-8155 


42 9515 


490874 


55*2234 


61-3598 


ii 


50-1100 


58-4617 


66-8134 


75-1650 


83-5167 


H 


65-4499 


76-3582 


87*2665 


98 1748 


109-0831 


2 


82-8350 


96-6408 


110-4466 


124-2525 


138*0583 


2i 


102-2654 


119-3096 


136*3538 


153-3981 


170*4423 


^i 


128 7411 


1443646 


164-9882 


185-6117 


206-2862 


4 


147-2621 


171-8059 


196-3496 


2-20-8933 


245-4369 


8 


172-8285 


201-6333 


230-4380 


259-2428 


288-0475 


3i 


200-4401 


233-8468 


267-2535 


300-6602 


334-0669 


3} 


230-0971 


268-4467 


306-7962 


3451457 


383-4962 


S| 


261-7994 


305-4326 


349-0659 


392-6991 


436-3323 


4 


295-5470 


844-8048 


3940626 


443-3205 


492-6783 


4^ 


8318899 


886-5632 


441-7865 


497-0098 


552-2831 


^i 


8691781 


430*7077 


492 2374 


553*7671 


615-2968 


4 


409-0615 


477-2384 


545-4154 


6135923 


681-7692 


6 


450-9904 


526-1554 


6013206 


676-4855 


751*6506 


6i 


494*9645 


577-4586 


659-9526 


742-4467 


824-9408 


H 


540-9839 


631-1479 


721-3119 


811-4759 


901-6399 


6} 


589-0486 


687-2235 


785 3982 


• 883-5730 


981-7478 


6 


689-1587 


745-6852 


852-2116 


958*7381 


1065-2645 


^ 


691-8141 


806-5330 


921-7520 


10869710 


11521900 


6} 


745-5147 


869-7672 


994-0196 


1118 2721 


1242-5245 


64 


801-7608 


935*3876 


10690144 


1202*6412 


1836-2680 


7 


8600519 


1003d939 


1146-7359 


12900779 


1433-4199 


7i 


920-3885 


1078-7866 


1227-1847 


1380-5828 


1533-9809 


n 


982-7704 


1146*5655 


1310 3605 


1474 1556 


1687-9607 


7| 


1047-1976 


1221*7305 


1396-2634 


1670-7964 


1745-3293 


8 


1182-1879 


1379-2192 


1576-2506 


1773-2819 


1970-3132 


»i 


1325-3595 


1546-2528 


1767-1460 


1988-0393 


2208-93*25 


9 


1476-7123 


1722-8310 


1968-9497 


2215-0684 


2461-1871 


9i 


1636-2463 


1908-9540 


2181-6617 


2454-3694 


2727*0771 


10 


1803-9615 


2104*6218 


2405-28-20 


2705-9423 


3006 6026 


10} 


1979-8580 


2309-8343 


2639-8106 


2969*7870 


3-299*7633 


11 


2163-9357 


2524*5917 


2885 2476 


3245-9936 


8606-5595 


Hi 


2356-1946 


2748-8937 


3141-5928 


3534*2919 


3926-9910 


12 
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TABLE X.—For finding the depths of Weirs of differmU lengths, 
the quantity discharged over each being supposed constant. 
See pages 270 and 271. 



Ratlofof 


Coeffl. 


Rfttioiof 


Coeffl. 


Rattoi of 


Coeffl- 


Ratios of 


Coeffi- 


length!. 


cleato. 


lengthf. 


cients. 


lengths. 


clente. 


lengths. 


cients. 


•01 


•0464 


•405 


•5474 


•605 


•7153 


•806 


•8654 


•08 


•073? 


•410 


•6519 


•610 


•7193 


•810 


•8680 


•03 


•0965 


•415 


•6664 


•615 


•7232 


•815 


•8725 


•04 


•1170 


•420 


•5608 


•620 


•7271 


•820 


•8761 


•05 


•1357 


•425 


•6653 


•625 


•7310 


•825 


•8796 


•oe 


•1533 


•430 


•5697 


•630 


•7.140 


•830 


.8K32 


•07 


•1699 


•436 


•5741 


•635 


•7388 


•835 


•8807 


•08 


•1857 


•440 


•5785 


•640 


•7427 


•840 


•8903 


•09 


•2008 


•445 


•5829 


•645 


•7466 


•845 


•8988 


•10 


•2154 


•460 


•6872 


•660 


•7504 


•850 


•8978 


•11 


•2206 


•455 


•5916 


•665 


-7542 


•855 


•9008 


•13 


•2438 


•460 


•6059 


•660 


•7680 


•860 


•9043 


•18 


•2566 


•466 


•6002 


•665 


•7619 


•865 


•0078 


•U 


•2696 


•470 


•6046 


•670 


•7657 


•870 


•9113 


•15 


•2823 


•475 


•6088 


•675 


•7695 


•875 


•9148 


•16 


•2947 


•480 


•6130 


•680 


•7733 


•880 


•9183 


•17 


•3069 


•485 


•6173 


•685 


•7771 


•885 


•9218 


•18 


•3188 


•490 


•6215 


•690 


•7808 


•890 


•9263 


•10 


•3305 


•495 


•6258 


•795 


•7846 


•895 


•9287 


•20 


•3420 


•600 


•6300 


•700 


•7884 


•900 


•9822 


•21 


•3633 


•605 


•6342 


•705 


•7921 


•905 


•98ff6 


•22 


•8644 


•510 


•6383 


•710 


•7969 


•910 


•9891 


•23 


•8754 


•5J5 


•6425 


•715 


•7996 


'915 


•9425 


•24 


•3862 


•520 


•6466 


•720 


•8083 


•020 


•9459 


•25 


•3969 


•526 


•6608 


•725 


•8070 


•925 


•9494 


•26 


•4074 


•630 


•6649 


•730 


•8107 


•030 


•9528 


•27 


•4177 


•636 


•6590 


•735 


•8144 


•035 


•9562 


•28 


•4280 


•640 


•6631 


•740 


•8181 


•040 


•9596 


•29 


•4381 


•646 


•t5672 


•746 


•8218 


■045 


•9630 


•30 


•4481 


•560 


•6713 


•750 


•8255 


•950 


•9664 


•31 


•4680 


•655 


•6754 


•755 


•8291 


•055 


•9698 


•82 


•4678 


•600 


•6704 


•760 


•8328 


•060 


•9732 


•38 


•4775 


•665 


•6.SIU 


•765 


•8365 


•905 


•9762 


•34 


•4871 


•670 


•6875 


•770 


•8401 


•970 


•9799 


•35 


•4966 


675 


•6915 


•775 


•8437 


•975 


•9833 


•36 


•5061 


680 


•6956 


•780 


•8474 


•980 


•9866 


•37 


•5154 


•686 


•6095 


•785 


•8510 


•9a5 


•9900 


•38 


•6246 


•590 


•7035 


•790 


•9546 


•090 


•9933 


•39 


■5338 


•595 


•7074 


•7'.>5 


•8582 


•ons 


•9007 


•40 


•6429 


•600 


•7114 


•800 


•8618 


l^OOO 


1^0000 
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TABLE XL — Mean relative Dimensions of equally Discharging Trope- 
zoidal Channsls, toith Side Slopes varying from to 1, up to fi to 1. 

Half sum of the top and bottom is the mean width. The ratio of 
the slope, multiplied by the depth, subtracted from the mean 
width, will give the bottom ; and if added, will give the top. 

Table XII. gives the discharge in cubic feet per minute from the 
primary channel, 70 wide, and the corresponding depths taken 
in feet. For lesser or greater channels and discharges, see 
Rules, pp. 227, 229, 232, 249, and 252. 



The mmn widllii an gi 




the other ho 


rlzontia 


lines. 


Ihej may be taken in inches, feet, yards, fathoms, or | 


anj other meanures whatever. 












70 


60 


60 


40 


85 


30 


26 


20 


16 


10 


•125 


•18 


•16 


•17 


•20 


•23 


-26 


•29 


•85 


-48 


•26 


•27 


•80 


•35 


•40 


•45 


•52 


•58 


•71 


•98 


•376 


•41 


•46 


•54 


•60 


•67 


-76 


•88 


1-09 


1-61 


•6 


•66 


•62 


•78 


•80 


•89 


1^ 


M9 


1-48 


204 


•626 


•68 


•78 


•91 


1-00 


M2 


1-29 


150 


1-88 


£-62 


'75 


•82 


•94 


1-10 


1-20 


136 


1-66 


1-82 


2-28 


8-22 


•876 


•96 


MO 


1-29 


1-41 


1-58 


1-88 


214 


2-69 


8-86 


!• 


MO 


1^26 


1-48 


1-62 


1^81 


2-10 


2-46 


3-11 


4-60 


1-126 


1-24 


142 


1-67 


1-83 


204 


2-37 


2-79 


3-54 


6-19* 


1-26 


1^89 


1'68 


1-86 


204 


2-28 


2-65 


3-12 


3-98 


6'89 


1-876 


1-68 


1-74 


2-06 


2-25 


2-51 


2-92 


3-46 


4-43 


6-60 


1-6 


1*67 


1-90 


2-24 


2-46 


2-76 


3-20 


8-80 


4-88 


7-81 


1-626 


1-81 


2^06 


2-48 


2-67 


2-99 


3-47 


4.15 


5-34 


8-08 


1*76 


1-95 


2-22 


2-62 


2-88 


323 


3-75 


4-50 


5-80 


8-86 


1^876 


2-09 


2-38 


2-81 


8-09 


347 


408 


4-86 


6-29 


9-68 


2- 


2-28 


2-64 


8^ 


8-81 


3-72 


432 


5-22 


6-78 


10-60 


2-126 


2-87 


2-70 


819 


8'52 


3-96 


4-61 


6-58 


7-39 


11-87 


2-26 


2-61 


2-86 


8-38 


3-78 


4-21 


4.91 


5-95 


7-81* 


12-25 


2-876 


2-66 


8-02 


8 67 


3.94 


446 


620 


6-31 


8-32 


18-12 


2-6 


2-79 


8^18 


8-7« 


416 


470 


5-50 


6-68 


8-84 


14-00 


2-625 


2^9d 


8*34 


8-96 


4-88 


4-96 


5-79 


7-06 


9-38 


14-92 


2-76 


807 


8-61 


4-16 


4-60 


6-21 


609 


7-45 


9-93 


16-84 


2-875 


8-21 


8-67 


4.84 


4-82 


6-46 


6-89 


7-88 


10-48 


16-76 


8- 


8^35 


8-84 


4-64 


6-04 


5.72 


6-69 


8-22 


11-08 


17*68 


8-126 


8^49 


4-00 


4.78 


6-26 


6-97 


7-00 


8-62 


11-60 


18-68 


8-26 


8-68 


4-17 


4.98 


5-49 


6-28 


7-31 


9-02 


1217 


19-68 


8-876 


877 


4-83 


6.18 


6-72 


6-49 


7-62 


942 


12-74 


20-68 


3-6 


8'91 


4-60 


6.83 


5-96 


675 


7-93 


9-82 


13 32 


21-68 


8-625 


406 


4-66 


5o3 


617 


7^01 


8-25 


1023* 


13-92 


2276 


8-75 


4^19 


4-82 


6-73 


6-40 


7-28 


8-57 


10 65 


14-53 


23-84 


8-876 


4-38 


4^98 


6-93 


6-62 


7^54 


8-89 


nor, 


15-14 


24-92 


4- 


4-48 


6-14 


613 


6-85 


7-81 


9-21 


11-48 


15-75 


26-00 


4-25 


4-76 


5-46 


654 


7^30 


8-35 


9-85 


12-33 


16-98 


28-18 


4-6 


605 


6-79 


6-95 


7-75 


8-90 


10-60 


18 19 


18^23 


80-36 


4-76 


5 38 


6-12 


7-85 


8-20 


9-45 


11-14 


1407 


19-50 


32-68 


6- 


6-62 


6-45 


7-7o 


fr66 


10^00 


11-79 


14-96 


20-80 


35-00 


6-26 


6-90 


6*78 


816 


9-14 


10^55 


12-51* 


15-86 


22-13 


37-40 


6-6 


6-18 


7-12 


8-67 


9-62 


IMO 


13-24 


16-77 


23-47 


39-81 


6-76 


6-46 


7-46 


8-98 


10-11 


11-66 


13-94 


17-71 


24-86 


4233 


6- 


6-76 


7-80 


9-40 


10-60 


12-22 


14-65 


18-65 


26-25 


44-86 
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TABLE XII. — Discharges from the Primary Channel in the fint 
column of Table XL 

If the dimensions of the primary channel be in inches, divide 
the discharges in this table by 600 ; if in yards, multiply by 
15*6 ; if in quarters, multiply by 82 ; and if in fathoms, by 
88*2, &c. : see pp. 233, 234. The final figures in the dis- 
charges may be rejected when they do not exceed one-half 
per cent, or 0-5 in 100. See pages 226 to 234. 













divide greater falls hy 4, 1 


Depfhsof a 

wannel 
whose mean 






















width is 


Ihioh 


2 inches 


8 inches 


6 inches 


9 inches 


12 inches 


15 Inches 


70:~infeet 


^^. 


iKMrmile, 
lin 81680. 


per mile, 
1 in 21190. 


1 in 10560. 


per mile, 
1 in 7040. 


per mile, 
fin 6880. 


per mile. 
Iin4a94. 


•126 


47 


72 


93 


189 


176 


206 


288 


•25 


186 


210 


268 


408 


606 


596 


676 


•376 


249 


389 


498 


746 


940 


1105 


1262 


•60 


887 


608 


770 


1165 


1454 


1709 


1935 


•626 


641 


849 


1078 


1617 


2086 


2895 


2714 


•76 


714 


1112 


1420 


2128 


2681 


8163 


8678 


•876 


900 


1401 


1791 


2686 


8882 


3978 


4607 


!• 


1100 


1714 


2190 


3288 


4184 


4862 


6607 


1-125 


1310 


2042 


2614 


3909 


4927 


6792 


6577 


1-26 


1684 


2884 


8058 


4581 


6766 


6780 


7690 


1-876 


1767 


2767 


3621 


5279 


6661 


7828 


8863 


1-60 


2013 


8142 


4006 


6016 


7688 


8916 


10099 


1-626 


2268 


3640 


4626 


6781 


8641 


10044 


11381 


1-76 


2634 


8960 


6068 


7670 


9687 


11210 


12708 


1-876 


2812 


4884 


6699 


8886 


10670 


12429 


14088 


2- 


3090 


4821 


6161 


9280 


11628 


18676 


16613 


2126 


3877 


6273 


6738 


10092 


12718 


14966 


16948 


2-26 


8674 


6786 


7881 


10981 


18883 


16281 


18486 


2-876 


3977 


6210 


7937 


11889 


14981 


17646 


19960 


2-60 


4298 


6699 


8568 


12829 


16161 


19046 


21684 


2-626 


4616 


7208 


9204 


18800 


17880 


20484 


28186 


2-76 


4947 


7716 


9865 


14782 


18624 


21886 


24800 


2-876 


6280 


8288 


10526 


15773 


19887 


28860 


26478 


8- 


6621 


8762 


11204 


16788 


21166 


24888 


28176 


8.126 


6972 


9310 


11900 


17i-'80 


22454 


26410 


29926 


3-26 


6329 


9862 


12614 


18897 


28780 


27994 


31714 


3-376 


6689 


10420 


18320 


19963 


26146 


29670 


38507 


3-60 


7049 


10996 


14048 


21062 


26509 


81262 


36829 


3-626 


7418 


11674 


14786 


22168 


27906 


32860 


87186 


8-76 


7794 


12163 


15526 


23284 


29821 


84479 


89080 


8-876 


8178 


12763 


162a3 


24416 


80756 


86170 


41013 


4- 


8666 


13864 


17070 


25692 


82225 


87898 


42964 


4-25 


9366 


14582 


18643 


27936 


85191 


41868 


46916 


4-60 


10173 


15849 


20267 


308G6 


88254 


44982 


60973 


4-76 


llOOl 


17140 


21908 


82818 


41.356 


48680 


66102 


6- 


11883 


18464 


23595 


35865 


44546 


52878 


69.S46 


6-25 


12696 


19802 


26362 


37939 


47796 


66209 


68688 


6-60 


13576 


21172 


27248 


40564 


61097 


60079 


68l«97 


6-76 


14478 


22680 


29160 


43253 


64478 


64068 


72591 


6- 


16393 


28996 


31122 


45969 


67897 


68082 


77164 



Digitized by VjOOQ iC 



O&IBICES, WEIRS, PIPES. AND BIVER8. 



44d 



TABLE XIL— Discharges from the Primary Channel in the first 
column of Table XI, 

If the dimensions of the primary channel be in inches, divide the 
discharges in this table by 600 ; if in yards, multiply by 16-6, 
if in quarters, multiply by 82, and if in fathoms, by 88-3 etc. : 
see p^. 238 and 284. The final figures in the discharges may 
be rejected when they do not exceed one-half per cent., or 0*5 
in 100. See pages 226 to 284. 











whose meu 




















ISinohM 


aiiochM 


34 inohei 


371ochM 


SOinchM 


33 inches 


36inohM 


width is 
70:— inftet 


\^2B&. 


^3017. 


permUe, 
1 in 9040. 


permUe, 
I in 3347, 


per mUe, 
1 In 2112. 


per mile, 
fin 1920. 


per mile, 
1 in 1700. 


258 


381 


808 


338 


348 


863 


880 


•135 


748 


816 


877 


936 


998 


1049 


1100 


•35 


1887 


1511 


1637 


1736 


1843 


1953 


3037 


•876 


3146 


3886 


3515 


3684 


3853 


3033 


8155 


•50 


8004 


8374 


8537 


8753 


4031 


4307 


4414 


•625 


8967 


4811 


4645 


4966 


6287 


6558 


5817 


•75 


4991 


5433 


5859 


6374 


6650 


6993 


7343 


•875 


6097 


6633 


7159 


7631 


8107 


8540 


8974 


V 


7366 


7920 


8581 


9134 


9660 


10300 


10698 


1^135 


8514 


9284 


9995 


10658 


11318 


11933 


13630 


1-26 


9816 


10697 


11539 


13807 


13045 


13741 


14479 


1^376 


11183 


13185 


13163 


14007 


14863 


16656 


16448 


1^50 


13601 


13780 


14831 


16786 


16760 


17657 


18553 


1^635 


14069 


15881 


16535 


17616 


18700 


19698 


30696 


1-75 


15593 


16997 


18306 


19517 


30728 


31840 


33944 


1-875 


17157 


18697 


20141 


31469 


33803 


34017 


36343 


3- 


18766 


30446 


33080 


33480 


34938 


36369 


37601 


3-135 


30410 


33347 


23965 


36647 


37139 


38578 


80037 


3-25 


33104 


24087 


35947 


37663 


29395 


80934 


33613 


3-875 


38848 


35988 


37993 


39841 


81701 


33381 


36096 


2-50 


35669 


37968 


30100 


33069 


34086 


85910 


37735 


3*635 


37479 


39988 


83347 


84384 


86612 


88471 


40415 


3-75 


39818 


81947 


84408 


36697 


38958 


41065 


43136 


3^875 


81306 


34003 


36634 


39060 


41464 


43680 


45896 


8- 


88141 


86113 


38897 


41483 


44048 


46898 


48747 


8^135 


85136 


38366 


41238 


43954 


46673 


49174 


51664 


8-25 


87109 


40488 


48656 


46438 


49330 


51951 


54686 


3^376 


89140 


42681 


45936 


48963 


51993 


54775 


67650 


3-50 


41184 


44873 


48843 


51637 


64738 


67659 


60580 


3^625 


43378 


47158 


50807 


54162 


57614 


60585 


63656 


3-75 


45407 


49468 


53300 


66840 


60341 


63560 


66784 


3-875 


47651 


61818 


55883 


59614 


63300 


66576 


69951 


4- 


51911 


66686 


60978 


64974 


69013 


73694 


76388 


4-25 


56448 


61508 


66176 


70633 


75017 


79017 


83994 


4^50 


61014 


66500 


71635 


70408 


81097 


86436 


89767 


4-76 


66713 


71638 


77140 


83350 


87361 


93015 


96653 


6- 


70509 


76868 


83779 


88200 


93731 


98739 


103746 


6-25 


75388 


83159 


88434 


94344 


100300 


105550 


110905 


6^50 


80879 


87590 


94348 


100616 


106823 


113540 


118364 


6-76 


85407 


98098 


100375 


106911 


113505 


119616 


135664 


6- 



aa 



I 
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THE DISCHABOE OF WATER FROM 



TABLE XIII. — The Square BooU of the fifth powers of numbers for 
finding the Diameter of a Pipe, or dimensions of a Channel from 
the Discharge, or the Reverse ; showing the relative Discharging 
Powers of pipes of different Diameters, and of any stmiiar Channels 
whatever, closed or open. See pages 81, ^30, ddS, etc. 
If i be ihe diameter of a pipe, in feet, and d the discharge in 
oabie feet per minnte, then for long straight pipes we shall have 
for Telooities of nearly 8 feet per second, d sa 2400 (d*9)^, and 

d = •044^— j ; or if D be the discharge per second, d = 40 {d^ »)*, 
and <l m -228 (- V. See pages 190 to 394, and pages 43 and 48. 



Relatire 
dlmen. 
•loiiB or 


RebUTe 
dkcharg. 


ReUUf« 

diOWB. 

■ions or 


RalMiTe 
dUcharg. 


R^lattre 
dimn. 
•louor 


RelailTe 

dlschsrg. 


BelAtire 
dimen- 
■Ions or 


IMativt 
discharg- 


dtftmeten 


dlftinoten 


ing 


diameters 


laff 


diameters 


ing 


ofplpw. 


powen. 


ofplpei. 


powers. 


of pipes. 


powers. 


of pipe.. 


powers. 


•26 


■031 


10-6 


867^2 


30-6 


5138- 


61- 


29062- 


•6 


•177 


n- 


40b3 


31- 


6351- 


62- 


80268- 


•75 


•485 


1V5 


448-6 


81^6 


6669- 


63- 


81608- 


1- 


1- 


12- 


498-8 


32- 


5793- 


64- 


33768- 


1-26 


1-747 


12-5 


652-4 


32-6 


6022- 


65- 


84063- 


1-5 


2-756 


13^ 


609-3 


33- 


6266- 


06- 


85388- 


1-76 


4051 


18-6 


669-6 


33-5 


6498- 


67- 


86744- 


2* 


5-667 


14- 


738-4 


34- 


6741- 


68- 


38131- 


2-25 


7-6U4 


14^5 


800-6 


34-5 


6901- 


69- 


39548- 


2-5 


9-8«2 


15- 


871-4 


35- 


7247- 


70- 


40996- 


2-76 


12-541 


16-6 


946 9 


856 


7509- 


71- 


42476- 


8- 


16-588 


16- 


1024- 


30- 


7776- 


72- 


4:^988- 


3-26 


19-042 


16-5 


1105-9 


36-5 


8049- 


73- 


4o631- 


8-6 


22-918 


17^ 


1191-6 


37- 


8327- 


74- 


47106. 


8-76 


27-232 


17-5 


12811 


37-6 


8611- 


75- 


48714- 


4- 


82- 


18- 


1374-6 


38- 


8901- 


76- 


60364- 


4-26 


87-24 


18-6 


1472-1 


38-6 


9197- 


77- 


62027- 


4-5 


42-96 


19- 


1573-6 


39- 


9498- 


78- 


53732- 


4-76 


49-17 


19-6 


16791 


39-6 


9806- 


79- 


65471. 


6- 


56-90 


20- 


1788-9 


40- 


10119- 


80- 


67248- 


5-25 


63-16 


20-6 


1002-8 


41- 


10764- 


81- 


590^9. 


6-6 


70-94 


21^ 


2020-9 


42- 


11432- 


82- 


60888- 


6-75 


79-28 


21-5 


2143-4 


43- 


12126- 


83- 


62762. 


6- 


88-18 


23- 


2270-2 


44- 


12842- 


84- 


64669- 


6-25 


97-66 


22^5 


2401-4 


46- 


13584- 


85- 


66611- 


6-5 


107-72 


23- 


2537- 


46- 


14351- 


86- 


68688- 


6-76 


118-38 


28-6 


2677^1 


47- 


15144- 


87- 


70699- 


7* 


129-64 


24- 


2821^8 


48- 


15063- 


68- 


72646- 


7-25 


141-63 


24-6 


2971-1 


49- 


16807- 


89- 


74727- 


7-5 


154-05 


26- 


3125- 


60- 


17678- 


90- 


76843- 


7-75 


167-21 


25-5 


3283-6 


51- 


18576- 


91- 


78996.- 


8- 


181-02 


26- 


3446-9 


62- 


19499- 


92- 


81184- 


8-25 


195-50 


26-5 


36161 


53- 


20450- 


93- 


88408- 


8-5 


210-64 


27- 


3788- 


54- 


21428- 


94- 


86668- 


8-75 


226-48 


27-5 


3065-8 


55- 


22434- 


95- 


87966- 


9- 


243- 


28- 


4148-5 


66- 


23468- 


96- 


90298- 


0-25 


280-23 


28-5 


4336-2 


67- 


24520- 


97- 


92668- 


9-5 


278-17 


29- 


4628-9 


68- 


25020- 


98- 


95076- 


9-76 


296-83 


29'6 


4726-7 


59- 


26738- 


99- 


97619- 


10- 


816-23 


30- 


4929-6 


60- 


27886- 


100- 


100000- 
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TABLE XIV. — WeighU and Meeuures, English and French, with 
their relaHve values. 



MEASUBBS OF LEKOTH. 



12 inohes 

7'99 inches 

8 feet , 

5^ yards &= 16^ feet ... 

100 links = 22 yards... 

40 perches = 220 yards... 

8 furlongs=3l760 yards... 

6 feet 

120 fathoms 

1 Nautical mile 

69-12 miles 

3 miles 

The Irish perch is 21 feet, or 
a palm; 4 inches a hand; 5 
2^ inches = 1 nail ; 4 nails s 
11 Irish miles = 14 English. 



1 foot 

1 link. 

1 yard. 

1 pole or peroh. 

1 chain = 4 perches. 

1 furlong. 

1 mile« 

1 fathom. 

1 cahle's length. 

6082-7 feet. 

1 Geographical deg. 

1 league. 

seven yards. Three inches make 

feet a pace. In cloth measure 

s 1 quarter ; 4 quarters 1 yard. 



UBASXJBBS OF SUBFAOX. 



144 square inehes 


... .«. ••• ... 


1 square foot 


62-7264 „ 


... ... ••* ... 


1 square link. 


9 square feet 


.«« 


1 square yard. 


30} square yards 


= 2724 sc^uare feet 


1 square perch. 


10,000 square links 


=4,366 


1 square chain. 


10 square chains 


= 160 square perches ... 


1 acre. 


1 rood 


= 210 square yards ... 


40 perches. 


4 roods 


=4,840 


1 acre. 


640 acres 


=8,097,600 „ 


1 square mile. 



The Irish perch is 49 square yards, or 441 square feet; 1 Irish 
acre=la. 2r. 19-17p. statute ; and 1 statute acresOa. 2r. 18-77p. 
Irish. The Irish acre is to the English acre as 196 is to 121. 
100 square feet, is a square of roofing, slating, or flooring. The 
Cunningham acre is = la. Ir. 6-61p. English; and 1 English 
acre is s Oa 3r. 8*904p. Cunningham measure. 
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OUBIO MEAfiUBES, ASD MEASUBXS OF GAPAOITT AND WEI0HT. 

1728 cubic inches 1 cubic foot 

27 cubic feet 1 cubic yard. 

16|x lix 1 =24*75 cubic feet ... 1 perch of masonry 
ld}xl6|x li= 806 cubic feet ... 1 rod of brickwork, 
21 X l^x 1 =s 80^ cubic feet ... 1 Irish perch of masonry 
The standard gallon, imperial measure, contains 10 lbs. 
avoirdupois, of distilled water at 62^ Fahrenheit, the barometer 
standing at 80 inches. 

6-282 gallons 1 cubic foot 

8*665 cubic inches 1 gilL 

4 gills 84*659 cubic inches 1 pint 

2 pints 69*818 cubic inches 1 quart 

2 quarts 188*687 cubic inches ... 1 pottle. 
2 pottles 277*274 cubic inches ... 1 gallon. 
2 gallons 554*548 cubic inches ... 1 peck. 
4 pecks2218'191 cubic inches ... 1 bushel 
The old Irish gallon contained 217*6 cubic inches, nearly, and 
1 Irish gallon is therefore =s -7850 imperial gallon. The Irish 
barrel of lime still measures 40 Irish gallons, or 81*821 imperial 
gallons, or 4 bushels, very nearly. It is measured by a cylindrical 
measm*e 12 inches high, and about 21j^ inches in diameter, con- 
taining half the Irish barrel. In the old English liquid measures 
for ale and beer, 86 gallons s= 1 barrel ss 86 gallons, 8^ quarts, 
imperial measure, nearly. 

For old dry measures, 82 bushels = 1 chaldron ss 81 bushels, 
1 pint, imperial measure, nearly. 

And 86 bushels of coal = 1 chaldron of coal s 84 bushels 8 
pecks, and 1 gallon, imperial measure. The Irish barrel of 
wheat is 20 stone ; barley 16 stone ; oats 14 stone. 

TBOT WEIOHTt 

24 grains 1 pennyweight 

20 pennyweights 1 ounce 

12 ounces ... 1 pound. 

One pound Troy =s 22*816 cubic inches of distilled water, baro- 
meter 80 inches ; thermopieter 62^, 
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OBUnQES, WElfiS, FIFES, AHD 



afothbgabt'8 weight. 




do Troj grains... 

8 scraples 

8 drachms 
Id ounces .i. 

The ounce weighs 480 grains, 
in Troj and Apothecary's weight 



>• ••• 1 scrapie* 

... 1 drachm. 

.. ••• 1 ounce. 

... 1 pound. 

and the pound 5760 grains, both 



ATOIBDUPOIS OB OOMKSBOIAL WEIGHT. 

One pound Avoirdupois ss 37*7274 cubic inches, when the 
barometer stands at 80 inches, and Fahrenheit's thermometer 
at63<>. 

16 drachms = 487*5 Troj grains 1 ounce 

16 ounces ss 7,000 Troy grains 1 pound 

14 pounds ss 98,000 Troy grains 1 stone 

8 stone «=: lid pounds 1 cwt 

dO cwt SB d,d40 pounds 1 ton 

One pound Troys '83386 pounds Avoirdupois, and one pound 
Avoirdupois, is equal to 1*3158 pounds Troy. One ton of water 
contains about 86 cubic feet, equal to 334 imperial gallons, 
nearly. Ten pounds of distilled water is equal to one gallon, 
the Barometer and Thennometer being as above stated. 



FRENCH MEASURES AND WEIGHTS COMPARED 
WITH ENGLISH. 



Im^tre 
1 deoim6tr8 ( 
1 centiin^tre . 
1 millimetre , 



1 Idlom/6tre(orl000]u6tros)*6ai383xnile 



KBASUBBS OF LENGTH. 

8*2806902 feet] 1 foot English . . 
1 inch • . 
1 yard . . 
1 perch, 5} yds. 
1 mile . . 



•8280890 
•0828000 
•0082800 



•8047946 m^tre 

•0268995 „ 

•9148885 „ 
5-099109a ,, 
1-60982 ]dlom§tre 



1000 mtoessslOO decam^tresss 10 heotom^tres=l kilometre =8280-849 
feet. The m^tze is the 10,000,000th part of a quadrental arc of the meridian 
or 89*8708 inches English. 
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TBM DOOllABOS OF WAfEB 



119-608d 8q 


yds. 


.. laxe 




11-0603 


»» 


..Idedai^ 




11960 


If 


f 1 oentiare or 
I mfitre. 


sq. 



MEA8XJBBS OF 8UBFA0X 

1 declare.. .. 107*6490 

lare .. .. 1076-480 

100 ares s 10 dedares == 1 hectare =r 2*471143 English acres, and 17 
hectares are nearly equal to 42 English acres. 

The old Paris foot is equal 1-06578 EngUsh feet ; the French inch = 
1*06578 English inches ; the French line '08882 of an English inch ; the toise 
is equal to 6 French feet = 76-786 English inches = 6-89468 feet The 
perches is 18 French feet ; and the perch royal 23 French feel. The French 
square foot or inch s 1*13881 English square ISset cor itiebss, and the cuhic 
foot or inch = 1*21061 English. 

HBASirBBS Of gOUBITT AXD 0A?AG1TT. 



Imillistere 
1 centistera 

1 decistere . . 8'58166 

1«^7^'^^^'^^*^}8«.8166 

1 decasteM 3d8*166 

1 hectostew 8581*66 

1 kilostere 86816*6 



•0853166 cubic ft 
•853166 



ImiUilitre 


•• •0«10279{Ei?i-:>- 


IcentUitre 


.. -610279 


1 decilitre 


.. 610279 


lUtee 


.. 61*0fl70 


1 decalitre 


..610-279 



1 hectoUtre 6102*79 
1 IdloUtre 61027*9 



The stere and IdloHtre are each a cubic m^tre, and the litre is a cnhic deci- 
metre ; 60 litres axe nearly 11 English gallons, and 1 hectoHtre 2*751JK)7 
English bushels. 

XBASUBS8 C9 mOlO/BSt. 

•0648 gramme = 1 grain, and 7000 grains = 1 lb. Avoirdapois. 

1 milligramme . . •015432 grains 1 gramme . . . . 16*432 grains 

1 centigramme . . •16432 „ 1 decagramme . . •OOSOSIbAVonr. 

1 decigramme . . 1*5432 „ 1 hectogramme . . *2206 „ 

1 gramme .. 16*432 ,, Ikillogramme .. 2-2046 „ 

1*01606 tonnes = 1 ton ; and 1 tonne = *984206 ton. 
A gramme is the weight of a cubio centimetre of water and its maxim, 
density in vacuo, 1 kilogramme 1=2*6795 lbs. Troy s= 2*2046 lbs. Avoirdupois. 
1 metrical quintal 220*46 lbs. Avoirdnpois, and 10 quintals is equal to the 
weight of a cubic mitre of water. 
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TABLE XV. Shewiiig the Weight, Specific Gravity, strength ami Oasticity 
of various materials employed by the Physicist and Engineer. When 
used by the Engineer only about one-fourth of the uUimate strengths 
here given should he cdlcidatedfrom. 



MATERIALS. 



Acada, English Orovth . . 

Ash 

Brass, Cast 

Beech 

Brick, Red 

Brickwork 

Do. Pale Red 

Cedar, American, Fresh . . 

Do. do. Seasoned 
Copper, Cast 

Do. Sheet 

Do. Wire-drawn 

Deal, Christiana 

Do. Memel 

Do. Norway Spruce .... 

Elm, Seasoned 

Fir, New England 

Do. Riga 

Glass 

Iron, Wrought, English . . 

Do. in Bars 

Do. rolled in Sheets and 

Rivetted 

Cast Iron Carron, cold blast 

Do. Hot blast 

Do. Buffeiy 

Larch, green 

Do, dry 

Lead, cast English 

Do. milled sheet 

Marble, white Italian .... 

Do. black Galway .... 

Mortar, old, good 

Oak, English 

Do. Canadian 

Do. Dantzic 

Do. AMcan 

Do. Adriatic 

Pine, pitch 

Do. red 

Silver, Standard 

Slate, Welsh 

Do. Westmoreland 

Do. Valentia 

Steel, soft 

Do, razor tempered .... 
Stone, granite average .... 

Do. Rochdale 

Teak, dry 

Tin, cast 



ModnU 

of 
Baptaxe. 



11,200 
12,000 

9,800 



0,900 
10,400 

6,100 
6,600 
7,600 



88,000 

87,600 

87,500 

6,000 

6,900 



1,100 
2,700 

lOfiOO 
10,600 
8,700 
18,600 
8,300 
9,800 
8,900 

11,800 

6,200 



6,500 

2,400 

14,800 



UodnU 

of 

ElMttoity. 



1,160,000 
1,600,000 
8,900,000 
1,850,000 



490,000 



1,670,000 
1,680,000 

700,000 
2,190,000 
1,100,000 
8,000,000 



17,270,000 
16,080,000 
14,000,000 

900,000 
1,050,000 

720,000 

2,620,000 



1,450,000 
2,150,000 
1,190,000 
2,280,000 
970,000 
1,230.000 
1,840,000 

16,800,000 
1,290,000 



29,000,000 



2,400,000 
4,600,000 



Gnashing 
foroes per 



Tenodties 



9,000 

10.800 

8,600 

800 

660 
6,600 
4,900 



10,300 

6,100 
88,000 



106,000 

108,000 

90,000 

3,200 

6,500 



250 
6,600 
6,500 



5,800 



8,000 
12,101 



Weights 

of aoabio 

foot in 

Ibfl. 



16,000 
17,000 
18,000 
16,000 
280 

'sbo 

11,400 

19,(X)0 
30,000 
60,000 
12,400 

17,600 
18,600 
10,000 
12,000 
2,400 
67,000 
67,000 

81,000 

16,700 

18,500 

17,500 

10,200 

8,900 

1,800 

3,800 



80 
17,800 
10,200 
12,700 



7,800 

40,900 
12,800 



120,000 
150,000 



15,000 
6,800 



44-8 

48-0 

6250 

48-0 

186*6 

112-6 

130-3 

56-8 

47-0 

588-0 

5490 

560O 

43*6 

870 

21-2 

86-8 

34-6 

47-0 

158-3 

481*2 

487*0 

487 

441 

440-0 

441-0 

36-6 

850 

717-4 

712-9 

1660 

168-4 

107-1 

58-8 

64-6 

47-4 

60-7 

62-0 

41-2 

41-2 

644*5 

180-5 

174*4 

180-0 

486-2 

490*0 

1680 

161-0 

41-1 

455-7 



speoifli 
giavi- 



•71 
•77 
8*40 
•77 
2*20 
1*80 
208 
0-91 
0*75 
8*61 
8-80 
8*88 
0*70 
0*60 
0*34 
0-59 
0*66 
0-76 
2-45 
7*70 
7*80 

7-8 
7^07 
7*04 
7*06 
0*52 
0*66 
11*44 
11*40 
2*64 
2-70 
1-76 
0*93 
0*87 
0.76 
0*97 
0*99 
0'66 
0*66 
10*31 
2*89 
2*70 
2*88 
7*80 
7*84 
2*70 
2-68 
0-66 
7*80 
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